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THE  SCIENCE  BEHIND  FEDERAL  POLICIES 
AND  MANDATES:  CASE  STUDY  2— CLIMATE 
MODELS  AND  PROJECTIONS  OF  POTENTIAL 
IMPACTS  OF  GLOBAL  CLIMATE  CHANGE 


THURSDAY,  NOVEMBER  16,  1995 

U.S.  House  of  Representatives, 

Committee  on  Science, 
Subcommittee  on  Energy  and  Environment, 

Washington,  DC. 

The  Subcommittee  met  at  9:40  a.m.  in  Room  2318  of  the  Ray- 
burn  House  Office  Building,  the  Honorable  Dana  Rohrabacher, 
Chairman  of  the  Subcommittee,  presiding. 

Mr.  Rohrabacher.  The  Energy  and  Environment  Subcommittee 
will  come  to  order. 

I  got  up  this  morning  and  it  was  not  as  cold  as  I  expected.  I 
guess  all  the  hot  air  we  have  been  expending  around  here  about 
the  closing  of  the  government  actually  has  not  warmed  the  environ- 
ment at  all.  But  we  will  see. 

In  1884,  the  head  of  the  U.S.  Patent  Office,  Henry  Elsworth,  sug- 
gested his  office  might  soon  be  abolished  because  we  had  reached 
a  time  when  everything  useful  had  already  been  invented.  That  is 
a  story  we  all  know. 

In  1992,  then  Senator  Al  Gore  wrote  in  his  book,  Earth  In  the 
Balance,  that  further  research  on  global  warming  was  unnecessary 
and  in  fact  harmful  because  all  the  issues  had  been  decided,  and 
immediate  action  was  required. 

Of  course,  we  now  know  that  there  were  a  few  useful  inventions 
left,  and  we  also  know,  three  years  later,  that  research  is  con- 
stantly revealing  revised  estimates  of  global  warming. 

This  is  the  second  in  a  series  of  hearings  on  scientific  integrity 
and  the  public  trust.  The  hearings  will  look  at  how  agencies  under 
this  subcommittee's  jurisdiction  are  using  science  to  formulate  pub- 
lic policy. 

Today's  hearing  will  look  at  the  issue  of  climate  change,  specifi- 
cally at  the  use  of  computer  models  to  forecast  global  warming  over 
the  next  100  years. 

After  the  first  hearing  of  this  series,  and  that  was  a  hearing  on 
stratospheric  ozone,  Vice  President  Gore  called  us  "Stalinists"  for 
having  balanced  panels  that  included  scientists  who  dissented  from 
Mr.  Gore's  orthodoxy. 

So  we  invited  Mr.  Gore  to  testify.  And  to  the  Vice  President  we 
said,  "My  goodness,  come  here!"  We  know  you  have  an  interest  in 
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this  topic,  and  come  here  and  testify  and  let's  have  an  exchange  of 
ideas. 

And  I  am  disappointed  that  he  turned  us  down.  Now  he  is  on  his 
way  to  Japan,  I  understand,  but  I  beUeve  he  turned  us  down  before 
that  trip  was  arranged. 

On  the  issue  of  global  warming,  the  tone  for  this  Administration 
was  set  in  1993  when  Dr.  Will  Happer,  the  Director  of  Energy  Re- 
search at  the  Department  of  Energy  was  summarily  dismissed  from 
his  post  on  the  orders  of  the  Vice  President's  office. 

This,  after  Dr.  Happer  made  it  known  that  he  did  not  believe  the 
science  was  there  to  back  up  the  Administration's  global  warming 
agenda. 

So  it  is  not  surprising  that  we  have  heard  little  dissent  since 
then. 

In  this  atmosphere  I  believe  this  subcommittee  has  a  duty  to  con- 
tinue to  present  balanced  panels.  And  I  hope  we  will  produce  a  use- 
ful dialogue  on  controversial  scientific  issues  of  the  day. 

Today,  we  have  with  us  distinguished  scientists  in  their  fields 
who  have  differing  views  on  climate  change.  And  it  is  my  goal,  as 
Chairman  of  this  subcommittee,  to  see  that  every  time  we  have  a 
hearing,  that  unlike — and  I  was  very  disappointed  my  first  six 
years  in  Congress — was  there  would  never  really  be  a  dialogue? 

You  would  have  the  experts  here  and  you  would  have  all  the  ex- 
perts who  agreed  with  the  Subcommittee  chairman  testify  in  the 
first  panel,  and  that  is  when  all  the  members  of  the  news  media 
were  here.  And  then  you  would  have  anybody,  anybody  who  might 
get  on  as  a  witness  who  disagreed  with  the  Subcommittee  chair- 
man's predilections,  were  put  on  in  the  last  panel  late  in  the  after- 
noon, and  nobody  was  there  to  hear  them. 

Well,  as  long  as  I  am  Subcommittee  chairman,  we  are  going  to 
try  our  best  to  have  both  sides  of  every  issue  presented,  and  side 
by  side,  and  promote  dialogue  between  the  expert  witnesses. 

That  makes  all  the  sense  in  the  world  to  me. 

We  have  with  us  Administration  representatives  who  are  key 
players  in  this  issue. 

And  we  will  first  look  at  the  controversy  over  reliability  of  com- 
puter models  to  estimate  climate  change  that  they  expect  over  the 
next  100  years. 

Our  second  panel  will  address  the  issue  of  climate  change  im- 
pact. 

In  recent  weeks,  a  series  of  articles  in  the  New  York  Times  and 
other  publications  have  speculated  on  catastrophic  impacts  of  glob- 
al warming.  These  catastrophic  impacts  include  the  following  pre- 
dictions: 

A  loss  of  one-third  of  the  world's  forests. 

A  loss  of  one-third  to  one  half  of  the  mountain  glacier  ice. 

A  dramatic  increase  of  tropical  diseases,  such  as  malaria  and  yel- 
low fever. 

And  a  dramatic  rise  in  sea  levels. 

And  although  this  estimate  of  dramatic  rises  in  sea  levels  is  ac- 
tually dramatically  lower  than  earlier  estimates. 

What  is  the  scientific  foundation  behind  these  doomsday  sce- 
narios and  what  role  does  climate  modeling  play? 


Are  we  so  certain  about  the  future  climate  changes  that  we 
should  take  action  that  will  change  the  lives  of  millions  of  our  own 
citizens  at  a  cost  of  untold  billions  of  dollars? 

We  will  explore  these  and  other  questions  today. 

And  I  would  now  ask  my  colleague,  Mr.  Roemer,  if  he  would  like 
to  present  an  opening  statement  for  the  Democratic  side. 

Mr.  Roemer.  I  would,  Mr.  Chairman. 

I  ask  unanimous  consent  to  have  my  entire  statement  entered 
into  the  record. 

Mr.  ROHRABACHER.  So  ordered,  without  objection. 

Mr.  Roemer.  Thank  you,  Mr.  Chairman. 

I  will  try  to  be  brief  with  my  opening  statement. 

First  of  all,  I  want  to  commend  you  for  holding  these  hearings. 
And  I  think  it  is  important  for  both  Democrats  and  Republicans  to 
have  the  opportunity  to  further  develop  their  views  on  this  very  im- 
portant issue. 

Mr.  Chairman,  I  hold  you  in  the  highest  respect,  and  you  and  I 
often  agree  on  issues  pertaining  to  economics  and  fiscal  balancing 
the  budget  issues. 

But  on  this  issue,  I  think  we  part  our  ways. 

Clearly,  Mr.  Chairman,  the  environment  has  been  a  bipartisan 
issue  over  several  decades.  All  of  the  landmark  environmental  stat- 
utes, such  as  the  Clean  Air  Act,  the  Clean  Water  Act,  Safe  Drink- 
ing Water  Act,  the  Endangered  Species  Act,  and  Super  Fund  Reau- 
thorization, to  name  a  few,  were  signed  into  law  by  Republican 
presidents  and  passed  with  bipartisan  support  in  the  United  States 
Congress. 

This  continues  to  be  an  area  of  federal  activity  that  the  public 
strongly  supports.  It  is  ironic  that  systematic  dismantling  of  envi- 
ronmental research  and  environmental  statutes  has  now  been  held 
up  by  the  Republican  leadership  as  a  litmus  test  for  ideological  pu- 
rity. 

I  hope  in  the  end  good  sense  and  common  sense  will  prevail.  The 
global  change  research  program  was  in  fact  established  by  the 
Bush  Administration. 

The  budget  approved  for  global  change  in  1990  envisioned  an  on- 
going budget  of  about  $2  billion  for  all  of  the  agencies  involved.  The 
budget  adopted  by  the  Clinton  Administration  is  in  fact  slightly 
below  this. 

Why  was  this  program  so  strongly  supported  by  two  Administra- 
tions, a  Republican  and  a  Democratic  one? 

The  answer  is  simple;  economics.  The  consequences  of  global 
warming  may  be  several  percent  of  the  world's  GDP.  The  cost  of 
avoiding  global  warming  may  also  be  several  percent  of  the  world's 
GDP. 

Given  the  enormous  costs  and  benefits,  it  makes  eminent  sense 
to  do  the  necessary  research  to  find  out  as  much  as  we  can  about 
global  warming.  How  much,  how  soon,  and  even  if  it  will  occur. 

I  would  also  like  to  include  for  the  record  a  statement  by  Frank 
Nutter,  President  of  the  Reinsurance  Association  of  America,  about 
global  change  research. 

Global  change,  even  if  we  do  nothing  to  curtail  carbon  emissions, 
will  provide  a  pathway  to  help  us  make  the  transition  in  an  eco- 
nomically efficient  manner. 


Some  of  these  adjustments  may  be  substantial.  But  let's  at  least 
study  the  matter  to  find  out  if  in  fact  they  will  be  substantial. 

The  policy  we  have  followed  of  targeting  environmental  research, 
belittling  the  possibility  of  any  impacts  and  so  on,  will  not  make 
the  problem  go  away,  it  will  only  put  us  on  a  slower  track  to  under- 
standing this  problem. 

Meanwhile,  the  Europeans  are  making  major  investments  in  en- 
ergy conservation  and  alternative  energy  sources. 

The  Japanese  are  making  major  investments  in  environmental 
technologies. 

And  the  rest  of  the  world  is  positioning  itself  for  the  future. 

We  could  not  only  lose  the  intellectual  lead,  we  could  lose  mar- 
kets that  we  will  never  regain. 

In  sum,  Mr.  Chairman,  I  think  this  boils  down  to  three  issues  of 
disagreement. 

First  of  all,  this  is  the  Science  Committee.  We  should  not  bury 
our  heads  in  the  sand  and  say  we  do  not  want  to  study  this  and 
further  discern  what  impacts  there  may  be. 

This  has  always  been  something  we  have  been  concerned  about 
in  a  bipartisan  manner. 

Secondly,  it  has  huge  economic  implications  for  the  GDP  of  the 
world,  whether  that  be  in  the  United  States  or  China.  We  should 
work  together  in  a  bipartisan  way  to  see  if  China  decides  to  con- 
tinue to  burn  coal,  that  we  work  with  them  in  productive  ways,  in 
ways  that  benefit  our  economics  and  our  techiiology,  to  compete 
with  the  Japanese  and  the  Europeans  to  provide  them  that  tech- 
nology and  provide  jobs  in  America. 

And  thirdly,  I  think  that  there  are  also  trade  implications  for  us 
in  this  matter  as  well. 

At  a  meeting  of  the  United  Nations  several  years  ago,  the  Japa- 
nese and  the  Germans  have  25-  and  30-year  plans  to  deal  with 
technology  and  energy-related  resources,  whereas  the  United 
States  seems  to  go  back  and  forth  as  to  whether  even  to  enter  this 
field. 

So,  Mr.  Chairman,  I  think  this  is  definitely  a  matter  that  we 
should  study  and  find  out  if  and  when  there  are  consequences.  And 
I  would  encourage  the  Members  of  this  Committee  to  be  open  to 
the  different  possibilities  entailed  in  that. 

Mr.  ROHRABACHER.  I  think  that  was  an  excellent  opening  state- 
ment for  your  side  of  the  aisle,  and  I  hope  nothing  I  said  in  my 
opening  statement  suggested  that  global  warming  should  not  be 
studied  and  examined  with  an  open  mind. 

So  we  should  move  to  the  first  panel.  The  first  panel  will  ad- 
dress  

Yes? 

[Pause.] 

Ms.  Rivers.  I  have  two  questions  actually,  one  that  relates  back 
to  a  hearing  we  had  previously  here,  but  I  think  the  same  issue 
will  apply  to  this  one,  given  that  we  have  scientists  of  differing 
views  testifying  today. 

At  the  last  hearing  we  had  of  this  type  on  ozone  depletion,  there 
were  some  very  serious  charges  levied  by  one  of  the  witnesses  that 
both  you  and  I  spoke  to  repeatedly,  and  this  witness,  Dr.  Sally 


Baliunas,  repeatedly  said  that  she  had  been  threatened  with  loss 
of  funding  for  her  views,  et  cetera,  et  cetera. 
Mr.  ROHRABACHER.  Yes. 

Ms.  Rivers.  I  believe  that  the  Chairman  then  went  to  the  floor 
and  repeated  some  of  those  charges  and  part  of  this  discussion. 

Mr.  ROHRABACHER.  Yes. 

Ms.  Rivers.  But  yet,  when  we  finally  received,  after  many,  many 
inquiries,  her  statement,  I  find  that  what  it  says  is  she  had  a  coffee 
break  conversation  with  someone  she  will  not  identify,  who  ex- 
pressed his  or  her  opinion.  Dr.  Baliunas  had  no  way  of  knowing 
whether  it  was  correct  or  not,  but  chose  not  to  offer  a  proposal  any- 
way, and  then  produced  absolutely  nothing  else. 

These  are  very  serious  charges. 

Do  we  have  any  more  information  than  this? 

Mr.  ROHRABACHER.  Yes,  we  do. 

Well,  first  of  all,  that  is  not  a  parliamentary  inquiry,  but  I  will 
answer  this.  Yes,  we  do  have  further  information.  I  do  not  know 
if  you  listened  to  my  opening  statement  but 

Ms.  Rivers.  I  came  late.  I  apologize. 

Mr.  ROHRABACHER.  [continuing]  — but  one  of  the  top  research 
people,  a  Director  of  Research  at  the  Department  of  Energy  was 
fired  from  his  job  because  Mr.  Gore's  office  gave  a  call  and  had  him 
fired,  Mr.  Will  Harper,  and  that  is  not 

Ms.  Rivers.  Did  he  threaten  Sally  Baliunas? 

Mr.  ROHRABACHER.  No.  That  is  not  in  contention. 

Ms.  Rivers.  Did  he  threaten  Dr.  Baliunas? 

Mr.  ROHRABACHER.  Now  in  terms  of  Dr.  Baliunas,  Dr.  Baliunas 
made  it  very  clear  to  this  chairman  that  she  had  to  go  to  a  lawyer 
to  make  sure  she  was  not  sued,  and  unless  she  could  actually  prove 
something  in  a  private  conversation,  she  could  not  make  a  public 
charge  because  she  was  personally  liable. 

Now  that  is  the  type  of  atmosphere  we  have  in  Washington,  D.C. 

Ms.  Rivers.  Truth  is  always  a  defense  to  libel.  Truth  is  always 
a  defense  to  libel. 

Mr.  Baker.  Mr.  Chairman? 

Mr.  ROHRABACHER.  Reclaiming  the  Chairman's  prerogative,  truth 
is  not  always  a  defense.  It  is  only  a  defense  if  you  can  prove  that 
it  is  the  truth.  And  in  private  conversations,  threats  can  be  made. 

And  in  this  particular  case,  that  witness  went  to  a  lawyer  and 
was  probably  told  by  the  lawyer  that  she  could  not  prove  that  that 
threat  had  been  made. 

However 

Mr.  Baker.  Mr.  Chairman? 

Mr.  Chairman? 

Ms.  Rivers.  Could  we  call  the  person- 


Mr.  ROHRABACHER.  Mr.  Baker,  one  moment. 

And  as  Chairman,  I  will  again  take  the  Chairman's  prerogative. 

The  Chairman  has  given  a  very  good  example  of  the  very  thing 
that  you  are  asking,  and  I  do  not  understsmid  why  your  outrage 
now  has  not  gone  on  to  requesting  information  from  Mr.  Gore's  of- 
fice of  why  his  office  required  the  firing  of  Mr.  Will  Harper,  Direc- 
tor of  Energy  Research  at  the  Department  of  Energy. 

Ms.  Rivers.  Who  was  fired,  you  say. 

Mr.  ROHRABACHER.  That  is  correct. 


Ms.  Rivers.  So  there  was  a  very  direct  and  very  severe  response? 

Mr.  ROHRABACHER.  That  is  correct. 

Ms.  Rivers.  Which  is  what  we  would  look  for  whenever  anyone 
steps  over  their  bounds. 

Mr.  ROHRABACHER.  That  is  correct.  That  is  correct. 

Mr.  Baker.  Mr.  Chairman? 

Mr.  ROHRABACHER.  That  is  correct.  Thank  you  very  much. 

Mr.  Baker.  Mr.  Chairman? 

Ms.  Rivers.  I  have  another  inquiry. 

Mr.  ROHRABACHER.  First  of  all,  the  Chairman  will  rule  that  that 
was  not  a  parliamentary  inquiry. 

Ms.  Rivers.  Okay.  This  one  will  be. 

Mr.  ROHRABACHER.  Well,  I  am  sorry,  you  are  not  recognized.  We 
have  another  member  asking  for  recognition. 

Mr.  Baker? 

Mr.  Baker.  Some  of  us  came  here  to  hear  today's  witnesses,  not 
to  replow  the  old  ground. 

Mr.  ROHRABACHER.  If  the  lady  does  have  a  parliamentary  in- 
quiry, she  has  a  right  to  express  her  parliamentary  inquiry. 

Mr.  ROEMER.  Mr.  Chairman,  I  would  just  ask  unanimous  con- 
sent. I  think  the  gentlelady  is  trying  to  state  a  parliamentary  in- 
quiry, and  I  would  say  this 

Mr.  ROHRABACHER.  The  Chairman  agreed  with  that,  and  let's 
hear  what  it  is. 

Ms.  Rivers.  Given  that  this  Committee  has  already  made  deci- 
sions, many  of  them  hostile,  in  this  area  about  funding 

Mr.  ROHRABACHER.  Would  the  lady  express  her  parliamentary  in- 
quiry? 

Ms.  Rivers.  Yes.  I  will  right  now. 

Mr.  ROHRABACHER.  Instead  of  insulting  the  Chair. 

Ms.  Rivers.  I  did  not  know  the  facts  would  insult  the  Chair,  but 
that 

Mr.  ROHRABACHER.  If  you  will  not  desist — if  you  will  express 
your  parliamentary  inquiry  and  quit  insulting  this  Committee  by 
claiming  a  parliamentary  inquiry  in  order  to  prevent  us  from  hear- 
ing the  first  panel. 

What  is  your  parliamentary  inquiry? 

Ms.  Rivers.  My  parliamentary  inquiry  is,  if  we  receive  informa- 
tion today  that  leads  us  in  another  direction  than  where  the  Com- 
mittee has  already  gone,  how  will  the  Committee  reconsider  its  de- 
cision? 

Mr.  ROHRABACHER.  Excuse  me?  Excuse  me.  What  is  your  par- 
liamentary inquiry?  Are  you  meaning  to  try  to  have  a  speech  here, 
a  political  speech  to  try  to  prevent  us  from  hearing  the  panel?  Or 
do  you  have  a  parliamentary  inquiry? 

Ms.  Rivers.  No.  You  are  talking  much  more  than  I  am. 

Mr.  ROHRABACHER.  That  is  enough.  We  will  call  the  first  panel, 
and  I  would  request  that  members,  if  they  use  the  method  of  par- 
liamentary inquiry,  if  they  expect  to  have  a  way  of  handling  one 
another  with  civility,  which  is  the  purpose  of  our  parliamentary 
system,  that  they  not  make  a  mockery  of  the  parliamentary  system 
by  claiming  time  and  using  our  time  in  a  way  that  takes  away  from 
the  central  effort  of  the  day. 

Would  the  first  panel  please  be  seated. 


Our  first  panel  today  will  address  the  issue  of  climate  modeling. 

Peter  Guerrero  is  Director  of  the  Environmental  Protection  Is- 
sues for  the  General  Accounting  Office. 

In  July  of  this  year,  the  General  Accounting  Office  published  a 
study  on  the  limitation  of  generally  used  climate  models. 

Dr.  Jerry  Mahlman  directs  the  Geophysical  Fluid  Dynamics  Lab- 
oratory at  NOAA  at  Princeton's  Laboratory. 

And  Dr.  Patrick  Michaels  is  Assistant  Professor  of  Environ- 
mental Science  at  the  University  of  Virginia,  and  has  been  a  lead- 
ing spokesman  on  the  issue  of  global  warming. 

And  with  that  gentlemen,  would  you  like  to  proceed? 

Dr.  Guerrero? 

STATEMENT  OF  PETER  F.  GUERRERO,  DIRECTOR,  ENVmON- 
MENTAL  PROTECTION  ISSUES,  RESOURCES,  COMMUNITY, 
AND  ECONOMIC  DEVELOPMENT  DIVISION,  UNITED  STATES 
GENERAL  ACCOUNTING  OFFICE 

Mr.  Guerrero.  Thank  you,  Mr.  Chairman. 

I  will  summarize  my  remarks,  and  our  full  statement  has  been 
submitted  for  the  record. 

Thank  you  for  this  opportunity  to  testify  before  the  Subcommit- 
tee as  it  focuses  on  the  issues  concerning  the  use  of  models  to  pre- 
dict future  climate  change. 

My  testimony  is  based  on  GAO's  report  on  the  limitations  of 
these  models  that  we  issued  this  past  July. 

The  report  looked  at  two  issues.  First,  factors  limiting  the  ability 
of  the  model  to  accurately  predict  climate  change,  and  second,  the 
amount  of  federal  expenditures  for  the  modeling  efforts. 

In  general,  we  found  that  the  models  were  better  today  than  they 
were  a  decade  ago  at  predicting  climate  change.  Despite  these  im- 
provements, however,  their  accuracy  was  still  limited. 

One  limiting  factor  stems  from  the  fact  that  scientists  do  not 
fully  understand  how  certain  climate  processes,  such  as  cloud  for- 
mation, will  interact  with  greenhouse  gases.  As  a  result,  the  mod- 
els currently  provide  only  incomplete  or  inaccurate  representations 
of  these  processes,  and  this  introduces  uncertainty  into  the  pre- 
dictions made  by  the  models. 

A  second  limiting  factor  is  insufficient  computing  power  to  proc- 
ess the  vast  quantities  of  data  required  to  more  accurately  simulate 
the  changes  in  climate.  Modelers  try  to  overcome  this  limitation  by 
introducing  assumptions  that  deliberately  simplify  some  operations 
in  order  to  free  computer  time  for  other,  more  critical  operations. 
These  simplifications  can  affect  the  accuracy  of  the  models'  pre- 
dictions. 

To  help  the  GAG  assess  the  state  of  progress  modelers  have 
made  in  dealing  with  these  kinds  of  issues,  the  Interagency  Sub- 
committee on  Global  Change  Research  arranged,  in  the  fall  of  1994, 
for  a  special  forum  on  global  change  modeling. 

The  forum  brought  together  a  representative  set  of  scientists, 
both  converts  and  skeptics,  to  develop  a  consensus  statement  on 
the  issues  related  to  the  use  of  global  climate  models  and  their  esti- 
mates of  future  climate  change. 

The  assembled  scientists  developed  a  ranking  system  from  "vir- 
tually certain"  to  "uncertain"  that  characterizes  the  major  findings 
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and  implications  stemming  from  the  models  and  issues  currently 
being  debated  in  the  scientific  literature. 

At  one  end  of  the  spectrum  are  those  statements  of  high  cer- 
tainty that  do  not  stem  directly  from  climate  models  but  are  largely 
based  on  measurements,  observations,  and  well-established  sci- 
entific principles. 

For  example,  scientists  agree  that  greenhouse  gases,  such  as 
C02,  absorb  and  readmit  infrared  radiation;  that  atmospheric  con- 
centrations of  C02  and  other  greenhouse  gases  are  significantly 
above  preindustrial  levels;  and  that  increased  concentrations  of 
greenhouse  gases  exert  a  global  warming  influence. 

The  global  climate  models  in  turn  incorporate  both  existing 
knowledge,  as  well  as  assumptions  about  inadequately  understood 
matters,  such  as  the  role  of  clouds  in  global  warming,  to  predict  fu- 
ture climate. 

The  forum  participants  felt  certain  some  of  these  predictions 
were  more  probable  than  others.  For  example,  an  increase  in  the 
global  surface  temperature  from  one  to  3.5  degrees  Fahrenheit  by 
the  year  2050,  a  reduction  in  northern  hemispheric  sea  ice  and  a 
rise  in  global  sea  level  were  all  considered  to  be  very  probable  re- 
sults of  increased  concentrations  of  greenhouse  gases. 

Scientists,  on  the  other  hand,  have  less  confidence  in  the  prob- 
ability of  other  outcomes  such  as  increased  mid-latitude  drought 
and  changes  in  tropical  storm  intensity. 

In  short,  Mr.  Chairman,  the  models  are  considerably  better  now 
than  they  were  a  decade  ago  at  predicting  future  climate  change, 
and  the  scientists  involved  have  varying  degrees  of  confidence  in 
the  models'  capability  to  predict  certain  outcomes. 

The  accuracy  of  their  estimates,  however,  is  limited  by  a  number 
of  factors,  including  inadequate  understanding  of  climate  processes 
and  feedback  mechanisms,  limited  computing  power,  and  the  neces- 
sity of  using  simplifying  assumptions  and  structures  to  deal  with 
these  limitations. 

These  limitations  do  not  change  the  likelihood  that  climate  will 
respond  to  increased  greenhouse  gas  emissions.  They  do  however 
limit  scientists'  ability  to  predict  with  certainty  how  the  climate 
will  respond,  how  much  warming  will  occur,  how  soon  it  will  occur, 
and  what  the  impacts  will  be  on  regional  climates. 

Several  on-going  efforts  are  underway  to  address  the  current  lim- 
itations of  these  models.  Scientists  are  working  to  develop  models 
that  better  reflect  interactions  among  various  climate  components, 
and  that  provide  a  more  complete  understanding  of  key  processes, 
such  as  cloud  feedback. 

Approximately  a  third  of  the  U.S.  Global  Change  Research  pro- 
gram's 1995  budget  was  devoted  to  conducting  research  aimed  at 
improving  scientific  understanding  and  ability  to  model  such  proc- 
esses. 

Steps  have  also  been  taken  to  provide  increased  computer  capac- 
ity needed  to  improve  the  scientists'  ability  to  run  these  complex 
models  without  having  to  make  the  simplifying  assumptions  that 
reduce  their  accuracy. 

Given  the  complexity  of  these  challenges,  scientists  believe  that 
significant  reductions  in  the  current  uncertainties  of  predicting  cli- 


mate  change  will  require  sustained  efforts  over  the  next  decade  or 
longer. 

Mr.  Chairman,  this  concludes  my  remarks.  I  would  be  pleased  to 
answer  any  questions. 

[The  prepared  statement  of  Mr.  Guerrero  follows:] 

Prepared  Statement  of  Peter  F.  Guerrero,  Director,  Environmental  Protec- 
tion Issues,  Resources,  Community,  and  Economic  Development  Division, 
United  States  General  Accounting  Office 

Mr.  Chairman  and  Members  of  the  Subcommittee: 

We  appreciate  the  opportunity  to  appear  before  the  Subcommittee  as  you  focus 
on  issues  concerning  tne  use  of  cUmate  change  models.  Over  the  past  century, 
human  activity  has  increasingly  emitted  heat-trapping  greenhouse  gases,  such  as 
carbon  dioxide,  into  our  earth's  atmosphere.  As  these  emissions  have  grown,  so  too 
has  concern  over  how  they  will  affect  our  climate  in  years  to  come.  Temperature 
increases  could  begin  to  melt  the  polar  ice  caps,  raise  the  sea  level,  and  alter  pat- 
terns of  precipitation.  These  effects  could  lead  to  serious  consequences  such  as  se- 
vere flooding.  On  the  other  hand,  actions  to  reduce  greenhouse  gas  emissions  in 
order  to  avoid  potential  catastrophic  effects  of  global  warming  could  have  significant 
economic  consequences,  and  must  be  based  on  a  sound  understanding  of  the  issues. 

One  such  major  issue  that  should  be  considered  when  discussing  the  implications 
of  global  warming  and  the  appropriate  actions  to  control  greenhouse  gas  emissions, 
is  the  range  of  projected  temperature  increases  and  the  degree  of  uncertainty  in 
these  estimates.  In  July  of  this  year,  we  reported  on  the  limitations  of  general  cir- 
culation computer  models  used  to  make  such  predictions.  ^  These  sophisticated  com- 
puter models  consist  of  complex  mathematical  equations  that  represent  various  cli- 
matic processes  and  interrelationships  among  variables,  such  as  seasonal  changes 
in  sunlight  and  global  air  currents.  Our  testimony  today  is  based  on  our  July  1995 
report. 

In  general,  we  found  that  general  circulation  models  are  better  now  than  they 
were  a  decade  ago  at  predicting  future  climate  changes.  Nevertheless,  the  accuracy 
of  the  models'  estimates  is  still  limited.  Specifically,  we  reported  that: 

— For  general  circulation  models,  as  for  other  computer  models,  the  quality  of  the 
output  depends  upon  the  quality  of  the  input — the  models  are  only  as  good  as  the 
data  and  scientists'  understanding  of  how  the  climate  system  works.  One  limiting 
factor  is  that  the  models  currently  provide  only  incomplete  or  inaccurate  representa- 
tion of  some  of  the  processes,  such  as  cloud  formation,  affecting  climate  because  sci- 
entists do  not  fully  understand  how  the  climate  system  responds  to  these  processes. 
As  a  result,  models  can  produce  different  projections  of  future  climatic  conditions, 
such  as  global  temperature. 

— ^A  second  major  limiting  factor  is  insufficient  computing  power  to  process  the 
vast  quantities  of  data  required  to  more  accurately  simulate  changes  in  the  global 
climate.  Modelers  try  to  overcome  this  limitation  by  introducing  assumptions  that 
deliberately  simplify  some  operations  in  order  to  free  computer  time  for  other,  more 
critical  operations.  These  simplifications  can  affect  the  accuracy  of  the  models'  esti- 
mates. 

— To  improve  the  accuracy  of  general  circulation  models'  estimates,  scientists  are 
developing  models  that  better  incorporate  the  processes  affecting  the  climate  system 
and  that  better  reflect  the  interactions  between  or  among  the  ocean  and  the  atmos- 
phere. They  are  also  developing  larger  and  faster  computers  that  could  process  data 
for  smaller  areas.  Given  the  complexity  of  the  climate  processes  that  need  to  be  in- 
corporated in  the  models,  scientists  believe  that  significant  reductions  of  the  uncer- 
tainties in  projecting  changes  and  trends  in  the  climate  will  require  sustained  ef- 
forts that  are  very  likely  to  require  a  decade  or  more. 

BACKGROUND 

General  circulation  models  are  the  most  highly  developed  tools  available  to  help 
understand  the  global  climate  system's  response  to  greenhouse  gas  emissions.  Sci- 
entists use  three  types  of  general  circulation  models  to  predict  climatic  change:  at- 
mospheric, oceanic,  and  coupled.  In  general,  atmospheric  models  predict  the  physical 
behavior  of  the  atmosphere.  Oceanic  models  represent  the  physics  of  the  ocean.  Cou- 
pled models,  which  scientists  regard  as  the  most  advanced  type  of  model,  physically 
join  the  atmospheric  and  oceanic  models.  In  the  United  States,  the  development  of 


^  Global  Warming:  Limitations  of  General  Circulation  Models  and  Costs  of  Modeling  Efforts 
(GAO/RCED-95-164,  Jul.  13,  1995). 
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general  circulation  models  is  supported  through  the  coordinated  efforts  of  the  U.S. 
Global  Change  Research  Program  and  five  federal  agencies. 2 

During  the  Forum  on  Global  Climate  Change  Modeling,  held  in  October  1994,  sci- 
entists agreed  that  the  buildup  of  greenhouse  gases  is  creating  an  enhanced  green- 
house effect  that  will  lead  to  global  warming.^  They  estimated  that  the  surface  tem- 
perature of  the  earth  will  rise  by  1  to  3.5  degrees  Fahrenheit  from  1990  to  2050 
if  emissions  continue  to  grow  without  restriction.  More  recently,  the  International 
Panel  on  Climate  Change  reported  that  human  activities  are  increasing  the  atmos- 
pheric concentration  of  greenhouse  gases  and  that  this  increase  will  raise  the  global 
mean  temperature  between  1.8  and  6.3  degrees  Fahrenheit  by  2100."* 

FACTORS  LIMITING  THE  ACCURACY  OF  MODELS'  ESTIMATES 

General  circulation  models'  estimates  of  future  climatic  changes  are  considerably 
better  than  they  were  a  decade  ago.  The  models  have  demonstrated  skill  in  simulat- 
ing many  aspects  of  the  observed  climate,  providing  useful  indications  of  future  cli- 
matic conditions.  For  example,  atmospheric  models  have  demonstrated  some  skill  in 
portraying  aspects  of  atmospheric  variability,  such  as  the  surface  temperature  of  the 
sea.  Oceanic  models  have  simulated  the  general  circulation  of  the  ocean,  including 
the  patterns  of  principal  currents.  Coupled  models,  though  still  prone  to  small  scale 
errors,  have  simulated  the  current  climate  on  a  large  scale  as  well  as  portrayed  at- 
mospheric and  oceanic  behavior  over  large  regions. 

Though  much  progress  has  been  made,  the  models  remain  limited  in  their  ability 
to  estimate,  with  desired  accuracy,  the  magnitude,  timing,  and  regional  distribution 
of  future  climatic  changes.  These  limitations  stem  from  scientists'  imperfect  under- 
standing of  the  climate  system  and  computers'  insufficient  capacity  to  perform  the 
detailed  calculations  needed  to  make  more  precise  estimates. 

Incomplete  or  Inadequate  Representation  of  Processes  Affecting  Climate 

According  to  the  U.S.  Global  Change  Research  Program,  general  circulation  mod- 
els include  the  most  important  processes — such  as  radiation,  convection,  and  water 
vapor — that  affect  the  climate.  However,  the  extent  to  which  they  incorporate  and 
accurately  represent  these  processes  and  their  interactions  varies  and  can  affect  the 
accuracy  of  tne  models'  estimates.  For  example,  some  climate  processes  are  not  in- 
cluded or  fully  incorporated,  even  in  the  more  advanced  coupled  models.  And  for 
some  of  the  more  important  climate  processes  and  interactions  that  are  included  in 
models,  their  representation  is  less  than  adequate  primarily  because  scientists  do 
not  fully  understand  the  climate  system. 

Atmospheric  and  oceanic  models  include  fewer  processes  than  coupled  models 
where  the  oceans  and  the  atmosphere  meet,  such  as  oceanic  pressures,  climatic  fluc- 
tuations, and  the  effects  of  winds  at  the  surface  of  the  oceans.  Consequently,  these 
models'  simulations  are  more  limited  and,  in  some  cases,  less  accurate.  For  example, 
a  1991  test  of  atmospheric  models  produced  systematic  errors  in  the  projections  of 
sea  level  pressure,  temperature,  wind,  and  precipitation. 

Coupled  models  more  accurately  simulate  current  climatic  conditions  than  either 
atmospheric  or  oceanic  models,  but  their  estimates  of  temperatures  and  precipita- 
tion still  deviate  from  actual  conditions.  For  example,  in  an  experiment  conducted 
by  the  National  Center  for  Atmospheric  Research,  the  models  estimated  wintertime 
ocean  temperatures  were  7  degrees  warmer  than  observed  temperatures  for  the  ice- 
bound region  of  Antarctica  and  9  degrees  colder  than  observed  temperatures  for  the 
tropics.  Scientists  believe  that  the  deviations  stem  from  gaps  in  their  understanding 
of  the  interactions  between  atmospheric  and  oceanic  variables. 

Although  today's  general  circulation  models  include  many  of  the  most  important 
feedback  mechanisms  (e.g.,  water  vapor  and  clouds)  they  do  not  yet  adequately  rep- 
resent the  interactions  of  these  mechanisms  with  greenhouse  gases.  Such  inter- 
actions can  amplify,  dampen,  or  stabilize  the  warming  produced  by  increased  con- 
centrations of  greenhouse  gases.  Modelers  do  not  fully  understand  the  effects  of 
feedback  mechanisms  and  have  not  learned  how  to  represent  them  with  sufficient 
accuracy.  Modelers  have  clarified  the  role  of  water  vapor  and  improved  their  ability 
to  model  its  effects.  However,  they  are  still  seeking  to  understand  and  accurately 


2  These  five  agencies  are  the  Department  of  Energy,  the  National  Aeronautics  and  Space  Ad- 
ministration, the  National  Science  Foundation,  the  National  Oceanic  and  Atmospheric  Adminis- 
tration, and  the  Environmental  Protection  Agency. 

3 The  purpose  of  the  Forum,  convened  to  respond  to  GAO  and  White  House  Office  of  Science 
and  Technology  Policy  questions,  was  to  produce  a  consensus  document  on  issues  concerning  the 
use  of  climate  models  and  to  provide  policymakers  with  information  on  future  climatic  changes. 

■'The  International  Panel  on  Climate  Change  was  established  in  1988  by  the  United  Nations 
Environment  Programme  and  the  World  Meteorological  Organization  to  assess  scientific  and 
technical  information  about  climatic  change. 
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model  the  effects  of  clouds,  which  have  the  greatest  potential  of  all  feedback  mecha- 
nisms to  amplify  or  moderate  global  warming. 

Insufficient  Computing  Power 

The  accuracy  of  general  circulation  model  estimates  are  further  limited  by  com- 
puters' insufficient  capacity  to  store  and  analyze  the  vast  quantity  of  data  required 
to  accurately  simulate  global  climate  changes  on  a  regional  scale.  In  an  effort  to 
overcome  these  limitations,  modelers  introduce  assumptions  into  their  models  that 
deliberately  simplify  some  operations  in  order  to  free  the  models'  capacity  and  time 
for  other,  more  critical  operations. 

One  such  simplification  used  in  certain  models,  referred  to  as  the  cold  start  error, 
assumes  that  the  oceans  did  not  absorb  greenhouse  gas  emissions  before  1985.  As 
a  result,  these  models  do  not  adequately  account  for  the  oceans'  reduced  capacity 
to  absorb  these  emissions  in  the  future.  In  fact,  the  oceans  will  reach  their  capacity 
possibly  decades  sooner  than  the  models  have  predicted.  They  will  then  deflect  more 
of  the  heat-trapping  emissions  to  the  atmosphere,  thereby  enhancing  global  warm- 
ing more  rapidly  than  the  models  predict.  Scientists  estimate  that  cold  start  error 
causes  models  to  underestimate  temperature  changes,  resulting  in  projections  of  av- 
erage annual  temperatures  that  differ  by  as  much  as  0.7  degrees  after  50  years. 
Months  of  additional  computer  time  would  be  required  to  address  just  this  one  exist- 
ing limitation. 

Another  simplification  that  modelers  use  to  deal  with  insufficient  computer  capac- 
ity is  to  divide  the  earth  into  large  segments,  or  grids,  for  analytical  purposes.  Al- 
though the  grids,  which  cover  an  area  about  the  size  of  South  Carolina,  enable  the 
models  to  depict  large-scale  regional  effects  in  relatively  large,  homogeneous  re- 
gions, they  do  not  allow  modelers  to  incorporate  detailed  regional  features  to  fore- 
cast climatic  changes  for  smaller,  less  homogeneous  regions. 

Improving  Models'  Estimates 

A  number  of  efforts  are  under  way  to  improve  the  accuracy  of  general  circulation 
models'  estimates.  Scientists  are  working  to  develop  models  that  incorporate  more 
of  the  processes  affecting  the  climate  system — particularly  cloud  formation  proc- 
esses— and  to  better  reflect  interactions  among  various  components  of  the  climate 
system,  including  interactions  between  or  among  the  ocean  and  the  atmosphere.  Sci- 
entists are  also  developing  larger  and  faster  computers  to  manipulate  data  for 
longer  periods  of  time  and  to  better  understand  regional  effects  resulting  from  using 
smaller  grids.  In  addition,  they  are  collecting  more  data  and  conducting  more  re- 
search on  the  processes  affecting  climate  and  improving  the  international  exchange 
of  such  data.  Various  international  programs,  such  as  the  World  Climate  Research 
Programme^  and  the  Global  Climate  Observing  System^,  also  currently  have  re- 
search programs  under  way  to  improve  the  accuracy  of  the  models'  estimates. 

CONCLUSIONS 

Although  the  accuracy  of  general  circulation  models  has  improved  over  the  past 
decade,  these  models  are  still  limited  by  incomplete  and  inaccurate  representations 
of  the  processes  affecting  climate  and  by  insufficient  computing  power.  While  these 
limitations  do  not  change  the  likelihood  that  the  climate  will  change  in  response  to 
increased  greenhouse  gas  emissions,  they  do  limit  the  ability  to  predict  with  cer- 
tainty how  the  climate  will  respond — how  much  warming  will  occur,  how  soon  it  will 
happen,  and  what  regional  impacts  will  occur.  Efforts  are  under  way  to  collect  and 
analyze  data,  improve  representations  of  various  climatic  processes,  and  develop 
and  use  more  powerful  computers.  These  efforts,  which  are  anticipated  to  take  a 
decade  or  more,  should  improve  the  accuracy  of  the  models. 

Mr.  Chairman,  this  concludes  my  prepared  statement.  We  will  be  pleased  to  re- 
spond to  any  questions  you  or  other  Members  of  the  Subcommittee  may  have. 

Mr.  ROHRABACHER.  Dr.  Mahlman, 


5  This  program  was  established  as  a  joint  undertaking  of  the  International  Council  of  Sci- 
entific Unions  and  the  World  Meteorological  Organization,  to  foster  an  improved  understanding 
of  the  climates  variability  and  predictability. 

^This  international  organization  was  established  in  1992  to  monitor  climatic  changes  and  ob- 
tain data  for  application  to  national  economic  development. 
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STATEMENT  OF  DR.  JERRY  MAHLMAN,  DIRECTOR,  GEO- 
PHYSICAL FLUID  DYNAMICS  LABORATORY,  NATIONAL  OCE- 
ANIC AND  ATMOSPHERIC  ADMINISTRATION 

Dr.  Mahlman.  Mr.  Chairman,  I  am  the  Director  of  the  Geo- 
physical Fluid  Dynamics  Laboratory  of  NCAA.  For  over  30  years, 
our  laboratory  has  been  a  world  leader  in  modeling  the  earth's  cli- 
mate. 

Today,  I  will  evaluate  scientific  projections  of  climate  change,  as 
well  as  their  current  uncertainties. 

We  have  long  known  that  buildups  of  atmospheric  carbon  dioxide 
and  other  gases  have  the  potential  to  warm  earth's  climate  through 
the  so-called  greenhouse  effect. 

I  will  emphasize  only  the  estimated  climatic  effects  of  these 
greenhouse  gases  for  a  time  around  the  year  2050. 

Because  I  speak  with  credentials  as  a  physical  scientist,  I  do  not 
offer  personal  opinions  on  what  society  should  do  about  these  pre- 
dicted climate  changes.  Societal  actions  in  response  to  greenhouse 
warming  involve  value  judgments  that  are  beyond  the  realm  of  cli- 
mate science. 

Indeed,  I  would  encourage  your  skepticism  whenever  you  hear  a 
climate  scientist's  prediction  that  is  accompanied  by  a  policy  opin- 
ion. 

At  the  onset,  please  recognize  that  a  major  international  effort 
to  assess  climate  change  was  completed  in  1990.  This  is  the  IPCC 
Assessment. 

Also,  it  has  been  recently  updated  in  this  1994  supplement. 

These  are  the  most  widely  accepted  statements  ever  on  climate 
change. 

A  new  IPCC  statement  will  be  completed  in  the  next  few  months. 
I  expect  only  small  changes  in  its  major  conclusions,  mainly  con- 
cerning some  increases  in  scientific  confidence. 

I  strongly  recommend  your  use  of  these  scientific  assessments  as 
the  foundation  for  your  own  evaluations.  I  also  recommend  their 
use  as  a  point  of  departure  for  evaluating  the  credibility  of  opinions 
that  disagree  with  them. 

My  information  is  derived  from  the  strengths  and  weaknesses  of 
climate  models,  climate  theory,  and  widespread  observations  of  the 
climate  system. 

Climate  models  have  improved  in  their  ability  to  simulate  the  cli- 
mate and  its  natural  variability.  Unfortunately,  important  uncer- 
tainties remain  due  to  deficiencies  in  our  scientific  understanding, 
as  well  as  in  our  computer  power. 

However,  I  expect  significant  progress  over  the  next  decade. 

However,  let  me  say  at  the  outset  none  of  the  uncertainties  I  will 
discuss  here  can  make  current  concerns  about  greenhouse  warming 
go  away.  This  problem  is  very  real  and  will  be  with  us  for  a  very 
long  time. 

I  give  my  evaluation  of  current  model  predictions  of  climate 
change  in  the  middle  of  the  next  century  by  using  very  simple  bet- 
ting odds.  When  I  say  virtually  certain,  I  mean  that  there  is  no 
plausible  alternative.  In  effect,  the  bet  is  off  the  books. 

Very  probable  means  I  estimate  a  nine  out  of  ten  chance  that 
this  will  happen  within  the  range  predicted. 

Probable  implies  about  a  two  out  of  three  chance. 
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When  I  label  something  uncertain,  I  mean  that  there  is  a  plau- 
sible effect  but  it  lacks  appropriate  scientific  evidence. 

Essentially  I  set  the  odds,  you  choose  your  bet. 

My  analysis  follows  in  decreasing  levels  of  confidence.  Human 
caused  increasing  greenhouse  gases:  virtually  certain.  There  is  no 
real  remaining  doubt  that  the  increasing  greenhouse  gases  that 
have  been  observed  are  due  to  human  activities. 

Yes? 

Mr.  ROHRABACHER.  Will  you  repeat  that? 

Dr.  Mahlman.  Yes.  There  is  no  real  remaining  doubt  that  in- 
creasing greenhouse  gases  are  due  to  human  activities. 

Radiative  effect  of  increased  greenhouse  gases:  virtually  certain. 
Greenhouse  gases  absorb  and  reradiate  infrared  radiation.  Inde- 
pendent of  other  factors,  this  property  acts  to  produce  an  increased 
heating  effect  on  the  planet. 

Long  time  to  draw  down  excess  carbon  dioxide:  virtually  certain. 
We  know  that  it  takes  decades  to  centuries  to  produce  the  buildup 
of  greenhouse  gases.  Much  less  appreciated  is  that  a  return  to  nor- 
mal from  high  carbon  dioxide  levels  would  require  many  additional 
centuries. 

Global  surface  warming  over  the  past  century:  virtually  certain. 
The  observed  warming  in  the  surface  temperature  records  of  about 
one  degree  Fahrenheit  cannot  yet  be  unambiguously  ascribed  to 
greenhouse  warming.  However,  no  other  hypothesis  is  nearly  as 
credible. 

Future  global  mean  surface  warming:  very  probable.  For  the  mid- 
dle of  the  next  century,  global-mean  surface  warming  is  estimated 
to  be  in  the  range  of  two  to  six  degree  Fahrenheit.  The  largest  un- 
certainty by  far  is  due  to  the  effects  of  clouds. 

Rise  in  global-mean  sea  level:  very  probable.  A  further  rise  of 
four  to  12  inches  in  global  mean  sea  level  by  the  year  2050  is  esti- 
mated, mainly  due  to  the  thermal  expansion  of  warmer  sea  water. 
Continued  sea  level  rise  is  expected  for  many  centuries,  probably 
to  much  higher  values. 

Summer  midcontinental  dryness  and  warming:  probable.  Two  out 
of  three.  Model  studies  predict  a  marked  decrease  of  soil  moisture 
and  elevated  temperatures  over  summer  mid-latitude  continents. 
This  important  result  is  still  sensitive  to  model  assumptions. 

Increased  tropical  storm  intensities:  uncertain.  A  warmer,  wetter 
atmosphere  could  indeed  lead  to  increased  intensities  of  tropical 
storms,  such  as  hurricanes.  Presently,  this  problem  has  not  been 
properly  addressed  due  to  inadequate  computer  power  and  to  un- 
certainties in  regional  climate  change  predictions. 

Regional  and  temporal  details  of  the  next  25  years:  uncertain. 
The  predicted  warming  up  to  now  is  not  yet  large  compared  to  nat- 
ural climate  fluctuations.  On  these  shorter  time  scales,  the  natural 
fluctuations  can  artificially  reduce  or  enhance  apparent  measured 
greenhouse  warming  signals. 

Even  though  these  uncertainties  are  daunting,  important  ad- 
vances have  already  been  achieved  in  observing,  understanding, 
and  modeling  the  earth's  climate.  Today's  models  can  simulate 
many  aspects  of  climate  and  its  changes.  More  efforts  are  needed 
worldwide  to  provide  a  better  long-term  climate  measuring  system. 
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Focused  research  into  climate  processes  must  be  continued.  Theo- 
ries must  be  reformulated  and  reevaluated  in  the  light  of  newer 
data.  Climate  modeling  efforts  must  receive  resources  that  are  in 
balance  with  the  broader  scientific  programs. 

The  U.S.  Global  Change  Research  Program  is  making  excellent 
progress  on  these  fronts.  However,  sustained  efforts  will  be  re- 
quired in  the  years  ahead.  Through  long-term  research  and  meas- 
urements, uncertainties  will  decrease  and  confidence  for  predicting 
climate  changes  will  increase. 

In  summary,  the  greenhouse  warming  effect  is  quite  real.  The 
state  of  the  science  is  strong,  but  important  uncertainties  remain. 

Finally,  it  is  a  virtually  certain  bet  that  this  problem  will  refuse 
to  go  away  no  matter  what  is  said  or  done  about  it  over  the  next 
five  years. 

Thank  you,  Mr.  Chairman. 

[The  prepared  statement  of  Dr.  Mahlman  follows:] 
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November  16.  1995 
UNCERTAINTIES  IN  CLIMATE  CHANGE  MODELING 

Mr.  Chairman  and  Members  of  the  Subcommittee: 

My  name  is  Jerry  Mahlman.  I  am  the  Director  of  the  Geophysical  Fluid 
Dynamics  Laboratory  of  NOAA  in  Princeton,  New  Jersey.  For  over  thirty  years  our 
Laboratory  has  been  a  world  leader  in  modeling  the  earth's  climate.  I  will  evaluate 
scientific  projections  of  climate  change  as  well  as  their  current  uncertainties. 

We  have  long  known  that  a  buildup  of  atmospheric  carbon  dioxide  has  the 
potential  to  warm  earth's  climate,  through  the  so-called  "greenhouse"  effect.  We 
now  know  that  other  greenhouse  gases  are  currently  contributing  nearly  as  much  to 
climate  warming  as  does  increased  carbon  dioxide.  These  include  methane,  nitrous 
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oxide,  human-produced  chlorofluorocarbons,  and  their  substitutes.  The  aniounts  of 
ail  these  gases  are  increasing  at  a  rate  sufficient  to  have  substantial  climatic 
consequences. 

Today,  I  will  emphasize  only  the  estimated  climatic  effects  of  these  increasing 
greenhouse  gases  for  a  time  around  the  year  2050.  The  year  2050  is  roughly  the 
time  that  current  projections  lead  to  an  equivalent  doubling  of  carbon  dioxide  levels. 
However,  please  note  that  such  projections  indicate  that  carbon  dioxide  amounts 
would  continue  to  increase  well  beyond  the  year  2050,  perhaps  even  to  a 
quadrupling. 

Because  I  speak  with  credentials  as  a  physical  scientist,  I  do  not  offer  personal 
opinions  on  what  society  should  do  about  these  predicted  climate  changes.  Societal 
actions  in  response  to  greenhouse  warming  involve  value  judgements  that  are  beyond 
the  realm  of  climate  science.  Indeed,  I  would  encourage  your  skepticism  whenever 
you  hear  a  climate  scientist's  prediction  being  accompanied  by  a  policy  opinion. 

At  the  onset,  please  recognize  that  a  major  international  effort  to  assess  clinnate 
warming  was  completed  in  1990.  This  is  "The  IPCC  Assessment".  That  report 
involved  nearly  two  years  and  1 70  scientists  from  25  countries.  Also,  it  has  recently 
been  updated  in  the  1992  and  1994  Supplements.  These  Supplements  reinforce  the 
general  conclusk>ns  of  the  1990  Assessment.  They  have  reduced  our  uncertainty  in 
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several  important  areas.  These  are  the  most  widely  accepted  statements  ever  on 
climate  change.  A  new  IPCC  Assessment  will  be  completed  in  the  next  few  rrwnths. 
I  expect  only  small  changes  in  its  major  conclusions,  mainly  concerning  some 
increases  in  scientific  confidence. 

I  strongly  recommend  your  use  of  these  scientific  assessments  as  a  foundation 
for  your  own  evaluations.  I  also  recommend  their  use  as  a  point  of  departure  for 
evaluating  the  credibility  of  opinions  that  disagree  with  them. 

Occasionally,  my  own  judgements  will  differ  somewhat  from  these  IPCC 
Assessments.  Overwhelmingly,  however,  I  agree  with  them.  I  emphatically  support 
their  highest  priorities  for  climate  change  research. 

My  information  is  derived  from  the  strengths  and  weaknesses  of  climate 
models,  climate  theory,  and  widespread  observations  of  the  climate  system.  Climate 
models  have  improved  in  their  ability  to  simulate  the  current  climate  and  its  natural 
variability.  Unfortunately,  important  uncertainties  remain  due  to  deficiencies  in  our 
scientific  understanding  and  in  computer  power.  However,  significant  progress  is 
expected  over  the  next  10  years.  The  uncertainty  in  such  areas  as  ocean  circulation, 
cloud  processes,  and  regional  effects  will  gradually  diminish. 
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However,  let  me  say  at  the  outset:  None  of  the  uncertainties  I  will  discuss  can 
make  current  concerns  about  greenhouse  warming  go  away.  This  problem  is  very  real 
and  will  be  with  us  for  a  very  long  time. 

I  will  give  my  evaluation  of  current  model  predictions  of  climate  change  in  the 
middle  of  the  next  century  using  simple  "betting  odds".  By  "Virtually  Certain",  I 
mean  that  there  is  no  plausible  alternative;  in  effect,  the  bet  is  off  the  books.  "Very 
Probable"  means  I  estimate  about  a  9  out  of  10  chance  that  this  will  happen  within 
the  range  predicted;  "Probable"  implies  about  a  2  out  of  3  chance.  "Uncertain" 
means  a  plausible  effect,  but  which  lacks  appropriate  evidence.  Essentially,  I  set  the 
odds;  you  choose  your  bet.  My  predictions  follow  in  decreasing  levels  of  confidence. 

*  Human-Caused  Increasing  Greenhouse  QasSi  (virtually  certain) 

There  is  no  real  remaining  doubt  that  increasing  greenhouse  gases  are  due  to 
human  activities.  Clear  contributors  are  the  burning  of  fossil  fuels  and  the  use 
of  chlorofluorocarbons. 

*  Radiative  Effect  of  Increased  Greenhouse  Gases  (virtually  certain) 
Greenhouse  gases  absorb  and  reradiate  infrared  radiation.  Independent  of  other 
factors,  this  property  acts  to  produce  an  increased  heating  effect  on  the  planet. 
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Large  Stratospheric  Cooling  (virtually  certain) 

The  combination  of  reduced  ozone  and  increased  carbon  dioxide  will  lead  to  a 
marked  lowering  of  upper  stratospheric  temperatures,  within  the  range  of  1 5**- 
30'  fahrenheit. 

Long  Time  la  Draw  Down  Excess  Carbon  Dioxide   (virtually  certain) 
We  know  that  it  takes  decades  to  centuries  to  produce  the  buildup  of 
greenhouse  gases.   Much  less  appreciated  is  that  a  'return  to  normal'   from 
high  carbon  dioxide  levels  would  require  many  additional  centuries. 

Global  Surface  Warming  over  tbfi  Past  Century   (virtually  certain) 
The  observed  warming  in  the  surface  temperature  records  of  about  one  degree 
fahrenheit  cannot  yet  be  unambiguously  ascribed  to  greenhouse  warming. 
However,  no  other  hypothesis  is  nearly  as  credible. 

Natural  Variability  Adds  Confusion   (virtually  certain) 

Climate  varies  naturally  on  time  scales  from  months  to  centuries.  This  effect 

makes  a  greenhouse  warming  interpretation  of  the  climate  record  much  more 

difficult. 
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Global-Mean  Surface  Warming  (Very  Probable) 

For  the  middle  of  the  next  century,  global-mean  surface  warming  is  estimated 
to  be  in  the  range  of  2  to  6"  fahrenheit.  The  largest  uncertainty  is  due  to  the 
effects  of  clouds.  My  own  opinion  is  the  warming  is  more  likely  to  be  in  the 
lower  half  of  this  range,  mainly  due  to  cooling  offsets  from  sulfate  aerosols  and 
ozone  depletion. 

Global-Mean  Precipitation  Increase   (Very  Probable) 

As  the  climate  warms,  the  rate  of  evaporation  should  increase,  leading  to  an 
increase  in  global-mean  precipitation.  Nevertheless,  some  local  regions  would 
experience  decreases  in  precipitation. 

Reduction  of  Northern  Sea  Ice   (Very  Probable) 

As  the  climate  warms,  total  sea  ice  should  decrease  in  high  latitudes  of  the 
Northern  Hemisphere.  However,  recent  atmosphere-ocean  models  calculate 
a  resistance  to  climate  change  at  high  Southern  Hemisphere  latitudes.  Thus, 
little  change  in  sea-ice  cover  may  occur  there  over  the  next  century. 
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Rise  io  Global  Mean  Sea  Level   (Very  Probable) 

A  further  rise  of  4-12  inches  in  mean  sea  level  by  the  year  2050  is  estirr^ated 
due  to  thermal  expansion  of  warmer  sea  water.  Continued  sea  level  rise  is 
expected  for  many  centuries,  probably  to  much  higher  values. 

Summer  Mid-Continental  Dryness  and  Warming   (Probable) 
Model  studies  predict  a  nnarked  decrease  of  soil  moisture  and  elevated 
temperatures  over  summer  mid-latitude  continents.  This  result  is  sensitive  to 
model  assumptions  about  land-surface  processes  and  projected  levels  of  sulfate 
aerosol  pollution. 

Reduction  fif  Ocean  Overturning  (Probable) 

The  predicted  increase  in  precipitation  in  high  northern  latitudes  would  reduce 
the  salinity,  and  hence  the  density  in  the  oceans  there.  This  effect  slows  down 
the  tendency  for  water  to  sink,  thus  suppressing  the  overturning  circulation. 

Modelino  of  Cloud-Radiation  Feedbacks  (uncertain) 

Some  progress  is  being  made  in  modeling  the  cloud-radiation  response  to 

increasing  greenhouse  gases.   However,  understanding  the  cloud  response  is 

still  the  most  serious  barrier  to  more  confident  predictions  about  climate 

warming. 
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•  Increased  Tropical  Storm  Intensities   (uncertain) 

Some  calculations  suggest  that  a  warmer,  wetter  atmosphere  could  lead  to 
increased  intensities  of  tropical  stornns,  such  as  hurricanes.  Presently,  this  has 
not  been  properly  addressed  due  to  inadequate  computer  power  and  to 
uncertainties  in  regional  climate  change  predictions. 

•  Regional  and  Temporal  Details  of  ihfi  Next  25  Years   (uncertain) 

I  have  described  calculated  changes  averaged  over  decades  in  the  middle  of  the 
next  century.  The  predicted  warming  up  to  now  is  not  yet  large  compared  to 
natural  climate  fluctuations.  Such  natural  fluctuations  will  continue  to  occur. 
On  these  shorter  tinr>e  scales,  the  natural  fluctuations  can  artificially  reduce  or 
enhance  apparent  measured  greenhouse  warming  signals. 

Even  though  these  uncertainties  are  daunting,  important  advances  have  already 
been  achieved  in  observing,  understanding,  and  modeling  the  climate.  Today's  models 
can  simulate  many  aspects  of  climate  and  its  changes.  Indeed,  it  was  these  advances 
that  led  to  today's  increased  awareness  of  climate  change  and  its  implications.  This 
awareness  has,  in  turn,  escalated  the  need  for  more  reliable  climate  predictions. 
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Although  major  progress  has  been  made,  much  more  needs  to  be  learned. 
More  focussed  efforts  are  needed  world-wide  to  provide  a  long-term  climate 
measuring  system.  This  must  be  backed  by  a  commitment  to  continue  such 
measurements  over  many  decades. 

Focussed  research  into  climate  processes  must  be  continued.  Theories  must 
be  formulated  and  re-evaluated  in  the  light  of  newer  data.  To  reduce  uncertainty, 
climate  modeling  efforts  must  receive  resources  that  are  in  balance  with  the  broader 
scientific  programs. 

The  U.S.  Global  Change  Research  Program  is  making  excellent  progress  on 
these  fronts.  However,  sustained  efforts  will  be  required  in  the  years  ahead.  This  is 
particularly  true  for  measuring  climate  change.  This  needs  a  long-term  commitment 
that  is  not  yet  evident.  Without  a  better  climate-change  measuring  system,  neither 
our  research  nor  our  predictions  can  be  properly  evaluated. 

Personally.  I  believe  that  the  state  of  knowledge  of  the  wide  range  of  possible 
impacts  and  costs  of  climate  change  is  far  less  certain  than  are  the  predictions  for  the 
climate  system.  An  investment  for  research  in  this  climate  impact  arena  will  pay  large 
dividends  and  greatly  aid  policy  planning. 
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Through  long-term  research  and  measurements,  uncertainties  will  decrease  and 
confidence  for  predicting  climate  changes  will  increase.  However,  surprises  inevitably 
will  hit  us  that  may  either  decrease  or  increase  the  predicted  effects.  I  predict  with 
high  confidence  that  society's  demand  for  detailed  climate  change  predictions  will 
continue  to  increase  faster  than  we  can  provide  them. 

In  summary,  the  greenhouse  warming  effect  is  quite  real.  The  state  of  the 
science  is  strong,  but  important  uncertainties  remain.  Finally,  it  is  a  'virtually  certain" 
bet  that  this  problem  will  refuse  to  go  away,  no  matter  what  is  said  or  done  about  it 
over  the  next  five  years. 

Thank  you. 
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Mr.  ROHRABACHER.  Thank  you  very  much,  doctor. 
Dr.  Michaels? 

STATEMENT  OF  DR.  PATRICK  J.  MICHAELS,  ASSOCIATE  PRO- 
FESSOR, DEPARTMENT  OF  ENVIRONMENTAL  SCIENCE,  UNI- 
VERSITY OF  VIRGINIA 

Dr.  Michaels.  Thank  you,  Mr.  Chairman.  I  should  say  that  I  am 
an  Associate  Professor. 

Mr.  ROHRABACHER.  Doctor,  could  you  turn  your  microphone  on 
and  sort  of  lean  into  there. 

Dr.  Michaels.  There  we  go. 

Mr.  ROHRABACHER.  I  want  to  make  sure  everybody  can  hear. 
Maybe  pull  it  a  little  closer  to  you. 

Dr.  Michaels.  I  should  say  I  am  Associate  Professor  of  Environ- 
mental Sciences,  and  at  4:00  o'clock  today,  I  will  be  given  my  pro- 
motion seminar,  so  hopefully  that  will  change  in  a  very  short  pe- 
riod. 

Controversy  surrounding  the  issue  of  global  warming  is  a  classic 
example  of  what  I  think  is  the  normal  and  creative  scientific  ten- 
sion that  exists  between  those  who  formulate  models  or  hypotheses 
and  those  who  evaluate  such  models  with  observed  data. 

Unfortunately,  this  issue  has  evolved  in  a  highly  politicized  cli- 
mate. For  the  last  decade,  a  community  of  scientists,  often  referred 
to  as  a  small  minority,  has  argued  that,  based  upon  the  data  on 
climate  change,  the  modeled  warming  was  too  large,  and  therefore 
any  intrusive  policy  would  not  be  based  upon  reliable  models  of 
global  warming. 

This  view  has  been  cast  in  a  very  negative  political  light,  which 
has  had  a  chilling  effect  on  scientific  free  speech. 

At  the  same  time,  testimony  has  repeatedly  been  given  in  front 
of  this  Congress  that  the  modeled  and  observed  temperatures  were 
broadly  consistent.  This  view  has  been  amply  rewarded.  Nonethe- 
less, these  two  views  have  never  been  reconciled  scientifically. 

The  early  suite  of  models  produced  an  average  warming  of  about 
4  degrees  celsius  for  doubling  carbon  dioxide,  and  the  data  sug- 
gested a  much  lower  number,  about  1  to  1.5  degrees  of  additional 
warming. 

The  most  important  development  in  the  last  two  years  is  that  it 
is  now  acknowledged  that  the  community  that  argued  for  the  lower 
numbers  appears  more  likely  to  be  correct.  Moreover,  it  is  apparent 
that  the  climate  model  that  was  most  heavily  cited  by  the  United 
Nations  in  a  special  1992  supplementary  report  on  climate  change, 
which  was  prepared  specifically  to  provide  technical  backing  for  the 
framework  convention  on  climate  change,  it  is  now  known  that  that 
model  was  known  to  be  making  large  errors  in  the  forecast  of  cur- 
rent temperature  at  the  time  of  the  adoption  of  the  framework  con- 
vention. 

And  yet  this  never  entered  into  the  debate  surrounding  that 
issue. 

These  observations  strongly  suggest  that  the  scientific  review 
process  that  bases  these  international  agreements  has  been  highly 
flawed,  or  there  may  have  simply  been  omissions  in  communicating 
to  responsible  individuals  how  large  the  errors  in  these  calculations 
were. 
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A  recent  paper  in  the  Journal  of  Climate  by  J.F.B.  Mitchell 
shows  that  the  models  of  that  type  are  off  by  at  least  1.3  and  as 
much  as  2.3  degrees  Celsius  today. 

And  I  would  like  to  show  you  a  couple  of  slides  that  demonstrate 
this  problem,  if  I  could.  I  will  need  to  borrow  your  microphone. 

[Pause.] 

In  1979,  we  put  up  a  series  of  satellites  that  measure  the  tem- 
perature with  a  great  deal  of  accuracy,  and  the  bottom  line  there, 
the  one  that  does  not  change,  is  the  temperature  history  for  the 
southern  half  of  the  planet  which,  by  the  way,  correlates  at  97  per- 
cent with  the  mean  temperature  between  5,000  feet  and  30,000  feet 
in  the  atmosphere.  The  satellite  finds  no  warming  in  that  layer. 

The  top  graph  is  the  warming  predicted  by  the  model  that  was 
most  cited  in  the  United  Nations'  document  specifically  designed  to 
produce  the  backing  for  the  Rio  Climate  Treaty. 

And  if  we  go  to  the  northern  hemisphere,  the  situation  gets  even 
worse  because  the  northern  hemisphere  of  course  is  predicted  to 
warm  more  rapidly  than  the  southern  hemisphere  because  it  has 
more  land  in  it. 

Now,  if  we  run  that  model  backwards — and  this  appeared  in  the 
refereed  literature  at  the  time  that  the  treaty  was  being  ratified — 
you  can  see  the  open  circles,  which  are  the  observed  temperatures 
of  the  northern  hemisphere,  and  the  closed  circles  are  the  modeled 
temperatures  by  that  particular  model. 

Ladies  and  gentlemen,  this  is  a  large  and  propagating  error  that 
I  believe  should  have  been  known  to  this  Congress  at  the  time  of 
the  1992  Framework  Convention,  but  it  was  not. 

Anyway,  these  models  also  produce  very,  very  large  polar  warm- 
ing. This  is  the  warming  projected  in  the  high  latitude  by  that 
model,  and  here  is  the  warming  of  the  polar  region  that  has  been 
observed. 

You  can  see  in  fact  there  is  a  warming.  The  only  problem  is  it 
occurs  before  1940  which  is  before  the  greenhouse  effect  changed 
very  much.  Since  then,  between  then  and  now,  there  is  very  little. 

Well,  the  good  news,  and  I  will  finish  up  with  this,  is  that  the 
so-called  skeptics  turn  out  to  have  been  right. 

Here  is  the  first  sentence  from  a  paper  by  J.F.B.  Mitchell  that 
appeared  August  10th  in  Nature  Magazine.  "Climate  models  sug- 
gest that  increases  in  greenhouse  gas  concentrations  should  have 
produced  a  larger  mean  warming  than  has  been  observed." 

That  is  a  very  polite  way  of  saying  that  those  people  who  were 
derided  as  a  small  minority  in  fact  were  correct.  The  models  were 
too  warm. 

And  Mitchell's  paper  is  a  very  interesting  one.  I  will  finish  on 
what  it  says  because  there  is  an  interesting  flip  on  the  end  of  this 
discussion. 

Mitchell's  model  incorporates  the  effect  of  sulfate  aerosol  along 
with  greenhouse  gases  in  the  atmosphere.  When  he  does  not  do 
that,  his  model  is  too  warm,  even  though  it  only  predicts  a  net 
warming  of  doubling  carbon  dioxide  of  2.5  degrees. 

You  can  take  Mitchell's  numbers  and  you  will  see  that  the  net 
warming  that  he  is  predicting  for  doubling  carbon  dioxide  is  1.7  de- 
grees. And  he  states  that  his  model  correctly  tracked  the  last  40 
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to  50  years,  in  which  the  surface  records  showed  a  warming  of  .4 
degrees. 

How  much  warming  does  that  leave  out  to  the  end  of  the  next 
century?  1.7  -  1.4  degrees  or  1.3  degrees? 

That  is  precisely  the  number  that  the  so-called  skeptics,  when- 
ever they  were  fortunate  enough  to  be  brought  here  in  front  of  this 
Congress,  had  been  saying  for  the  last  seven  years — 1  to  1.5  de- 
grees. 

Finally,  I  would  just  like  to  close  and  show  you  a  little  bit  of  this 
model. 

The  top  graph  is  the  one;  the  model  without  the  sulfates  in  it  for 
the  year  2040  to  2050.  You  can  see  the  consistent  high  warming 
of  the  high  latitudes  of  our  hemisphere. 

And  the  middle  graph  is  a  sulfate  plus  greenhouse  model.  The 
middle  graph  clearly  shows  large  warming  in  the  high  latitudes 
also. 

And  it  became  apparent  to  me,  when  I  saw  this  chart — and  we 
can  turn  the  lights  back  on — when  I  saw  this  chart,  which  was  in 
the  United  Nation's  1995  update  document  on  climate  change,  that 
this  model  was  making  the  same  error  that  the  other  ones  were 
making — that  it  was  producing  too  much  warming  in  the  higher 
latitudes. 

So  I  requested  from  the  United  Nations  that  they  send  me  the 
data  that  went  into  that  model,  and  I  was  denied. 

I  wrote  back,  and  I  said  this  is  a  horrible  breach  of  scientific 
ethic.  You  must  send  me  the  data  because  I  have  been  asked  by 
the  United  Nations  to  review  their  own  work.  I  was  denied. 

I  informed  the  Director  of  the  U.S.  Global  Change  Research  Pro- 
gram. He  said  he  would  call  them.  The  data  never  showed  up. 

There  were  six  separate  requests  to  provide  a  proper  review  of 
this  document.  They  were  all  denied. 

Therefore,  any  policy  statements  or  any  impact  statements  that 
are  made  on  these  new,  more  reliable  models  are  based  upon  mod- 
els that  were  not  subject  to  review  by  those  who  were  known  to 
provide  critical  review  in  the  process. 

Thank  you. 

[The  prepared  statement  and  attachments  of  Dr.  Michaels  fol- 
low:] 


23-558    96-2 
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Testimony  of  Patrick  J.  Michaels,  Department  of  Environmental  Sciences,  University  of 
Virginia  to  the  Subcommittee  on  Energy  and  the  Environment,  U.  S.  House  of 
Representatives,  November  16.  1995.  This  testimony  represents  the  no  offfical  position  of 
the  University  or  Commonwealth  of  Virginia. 


My  testimony  centers  around  four  issues  of  critical  imponance  to  the  problem  of  global 
warming: 

1.  New  calculations  support  the  view  of  the  scientists  who  predicted  that 
global  warming  would  be  relatively  modest. 

2.  Older  calculations  that  based  the  1992  Framework  Convention  on 
Climate  Change  were  known  to  be  greatly  overestimating  warming  at  the 
time  the  Convention  was  ratified. 

3.  Critical  scientists  are  still  being  denied  data  (by  taxpayer-supported 
organizations)  that  are  required  to  quantitatively  review  new  syntheses  on 
global    warming. 

4.  Therefore,  any  studies  of  the  impact  of  climate  change  on  ecosystems, 
health,  and  the  economy,  based  upon  older  models,  are  in  error,  and 
newer  models  have  yet  to  be  properly,  reviewed. 

Controversy  surrounding  the  issue  of  global  warming  caused  by  an  enhancing  greenhouse 
effect  is  a  classic  example  of  the  normal  and  creative  scientific  tension  that  exists  between 
those  who  formulate  hypotheses  (i.e.  "models")  and  those  who  evaluate  such  hypotheses 
with  observed  data.  If  this  issue  had  not  been  politicized  before  the  hypotheses  and 
observations  could  naturally  converge,  global  warming  would  just  be  another  interesting 
example  of  applied  physical  science. 

Unfortunately,  that  is  not  the  case.  For  the  last  decade,  a  community  of  scientists,  often 
referred  to  as  a  "small  minority",  had  argued,  based  on  the  observed  data  on  climate 
change,  that  the  modelled  warming  was  far  too  large,  and  therefore  that  any  intrusive  policy 
would  not  be  based  upon  reliable  models  of  global  warming.  This  view,  generated  only  by 
data,  has  been  cast  in  a  very  negative  political  light,  which  has  had  a  chilling  effect  on 
scientific  free  speech.  At  the  same  time,  testimony  has  been  repeatedly  given  before  the 
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U.S.  Congress  that  the  observed  and  modelled  temperatures  are  "broadly  consistent".  In 
terms  of  federal  funding,  this  view  has  been  amply  rewarded.  But,  the  two  views  have 
never  been  reconciled  scientifically.  In  fact,  while  models  suggest  a  warming  of  roughly 
4°C  for  doubling  atmospheric  carbon  dioxide,  the  data  suggested  a  much  lower  number,  or 
approximately  1.0-I.5°C  of  additional  warming. 

The  most  imponant  development  in  the  last  two  years  is  that  it  is  now  acknowledged  that 
the  community  that  argued  for  the  lower  numbers  appears  more  likely  to  be  correct. 
Moreover,  it  is  apparent  that  the  climate  model  most  heavily  cited  by  the  United  Nations  in 
its  1992  "Supplementary  Report"  on  Climate  Change,  prepared  specifically  to  provide 
technical  backing  for  the  Framework  Convention  on  Climate  Change,  was  known  to  be 
making  large  errors  in  its  forecast  of  present  temperature  at  the  time  of  the  adoptjon  of  the 
Framework  Conveiiiion,  and  yet  this  was  never  entered  into  the  debate  concerning  the 
Convention  by  the  community  that  developed  the  models. 

This  observation  argues  strongly  that  the  scientific  review  process  that  bases  such 
international  agreements  has  been  flawed.  Alternatively,  there  may  have  been  omissions  in 
communicating  to  responsible  individuals  how  large  the  errors  in  these  calculations  were. 

In  a  recent  paper  in  the  Journal  of  Climate.  J.F.B  Mitchell  et  aJ.  examined  a  climate  model 
that  was  very  similar  to  what  was  heavily  cited  by  the  United  Nations  in  1992.  They 
found  that  such  models  predict  that  the  atmosphere  should  have  already  warmed  between 
1.3  and  2.3°C  as  a  result  of  changes  in  greenhouse  gases;  the  observed  warming  is  0.5°C. 

As  a  graphic  example  of  this,  note  the  difference  between  the  greenhouse  warming  model 
of  Manabe  et  al.  (1991),  which  was  heavily  cited  by  the  U.N.  in  1992,  and  observed 
temperatures  as  sensed  by  satellite  (Figure  1).  The  only  assumptions  used  in  calculating 
this  difference  are  that  the  climate  model  is  correctly  estimating  the  temperanire  before  the 
greenhouse  effect  had  changed,  and  that  the  satellite  is  correctly  measuring  the  temperature 
of  the  lower  atmosphere.  Comparision  of  balloon-measured  temperatures  with  the  satellite 
data  ensures  that  this  is  the  case. 

Figure  two  shows  an  additional  comparison  between  the  same  model  and  ground-measured 
temperatures  over  the  last  hundred  years  in  the  Northern  Hemisphere.  An  earlier  version  of 
this  plot  appeared  in  Bulletin  of  the  American  Meteorological  Society  (Michaels  and 
Stooksbury,  1992),  prior  to  ratification  of  the  Framework  Convention. 

The  1995  "Second  Scientific  Assessment"  of  the  U.N.  Intergovernmental  Panel  on  Climate 
Change  (IPCC)  now  states  that  the  climate  models  that  supported  the  1992  Supplementary 
Report  were  in  fact  predicting  too  much  warming.  Rather,  it  states  that  the  model  that  best 
tracks  the  past  climate  is  one  which  includes  the  compensating  effects  of  sulfate  aerosols. 
This  model  was  published  by  Mitchell  et  al.  in  Nature  on  August  10. 

Mitchell  et  al.  state  at  the  outset  that  models  similar  to  those  that  based  the  Framework 
Convention  "have  produced  a  larger  mean  warming  than  has  been  observed",  an  admission 
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Figure  1.  Satellite-sensed  lower  tropospheric  temperature  vs.  surface  temperature  in  the 
coupled  ocean-atmosphere  transient  model  of  Manabe  et  al.  ( 199 1).  for  the  period  January. 
1979  (When  the  satellite  record  begins),  through  October.  1995.  Top:  Northern 
Hemisphere;  Bottom:  Southern  Hemisphere. 
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that  those  who  claimed  this  over  the  last  decade  indeed  were  correct.  Mitchell  et  aJ.  then 
ran  two  types  of  climate  models:  one  ("A")  in  which  only  the  greenhouse  effect  was 
changed  (similar  to  all  transient  models  that  based  the  1992  Framework  Convention),  and 
another  ("B")  in  which  a  compensating  effect  of  anthropogenerated  aerosols  was  included. 

Even  though  model  "A"  produced  a  warming  of  2.5°C  for  doubled  carbon  dioxide,  a 
relatively  low  figure,  Mitchell  et  al.  stated  that  it  was  "significantly  different  from  the 
observed  climate  of  the  last  quarter  century"-in  other  words,  it  was  predicting  too  much 
warming.  They  did  find  that  model  "B",  which  appears  to  calculate  only  1.7°C  of 
wanning,  was  consistent  with  the  climate  of  the  last  forty  to  fifty  years. 
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Figure  2.  Comparison  of  land-based  and  modelled  temperature  of  the  Northern  Hemisphere 
in  the  model  of  ManabeetaJ.,  (1991).  This  type  of  model  was  prominently  featured  in  the 
1992  Supplementary  Report  of  the  U.N.  IPCC,  which  was  produced  specifically  for 
meeting  at  which  Framework  Convention  on  Climate  Change  was  adopted. 
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In  the  most  cited  ground-based  temperature  history,  that  of  the  U.S.  Department  of  Energy, 
there  is  a  warming  trend  of  0.4°C  in  the  same  period.  Thus  model  "B"  is  only  projecting  an 
additional  warming  of  1.3°C  (1.7-0.4°)  for  doubled  CO2,  which  is  exactly  the  value 
estimated  by  the  "minority"  scientists  over  the  last  decade. 

Nonetheless,  I  have  reason  to  suspect  that  this  model,  too,  is  not  correct.  I  published  two 
recent  papers  (Michaels  et  al,  1994,  1995)  that  specifically  tested  the  hypothesis  that  the 
non  sulfate  greenhouse  effect  models  would  perform  best  where  sulfates  would  not 
compromise  their  forecast  (such  as  the  polar  regions,  particularly  Antarctica),  and  perform 
worst  where  the  sulfate  effects  were  greatest.  If  these  hypotheses  were  supported,  then  it 
seemed  plausible  that  sulfates  were  a  sufficient  explanation  for  the  planet's  failure  to  warm 
a  /a  the  models  that  based  the  1992  Framework  Convention  update. 

The  opposite  was  true.  Where  there  were  no  sulfates  to  harm  the  model,  the  forecasts  were 
worsL  Where  the  sulfate  density  was  highest  (and  therefore  should  have  compromised 
model  behavior),  the  model  performed  best. 

Because  model  "B",  the  sulfate  +  greenhouse  model,  is  so  heavily  cited  in  the  1995 IPCC 
report,  it  requires  close  examination  in  any  peer  review  of  that  report.  From  illustrations 
presented  in  the  draft  for  reviewers,  it  became  apparent  to  me  that  this  model  might  sull  be 
reproducing  the  major  error  of  the  circa- 1992  models,  namely,  that  it  was  predicting  that 
too  much  warming  of  the  high  latitudes  of  the  Northern  Hemisphere  had  already  taken 
place.  To  determine  whether  or  not  this  is  the  case  required  an  analysis  of  the  behavior  of 
the  high  latitude  grid  cells. 

I  requested  this  data  for  my  review  of  the  1995  EPCC  document  in  an  e-mail  to  the  United 
Kingdom  Meteorological  Office  (UKMO)  on  May  10,  1995.  The  next  day  John  Mitchell, 
one  of  the  lead  authors  of  the  EPCC  draft,  replied  that  he  "felt  it  inappropriate  to  send  (me) 
gridpoint  data  at  this  time."  I  replied,  on  the  same  day,  "I  do  not  understand  your 
statement  that  it  is  inappropriate. ..Science  is  a  cooperative  effort  in  which  information 
should  be  freely  shared. ..It  is,  in  my  mind,  not  proper  to  withhold  scientific  information  to 
a  colleague  who  has  been  asked  by  the  IPCC  itself  to  review  its  own  work,  when  that 
information  is  critical  to  the  review".    The  data  were  not  forthcoming. 

I  then  telephoned  Dr.  Michael  MacCracken,  head  of  the  U.S.  Global  Change  Research 
Program,  and  also  head  of  U.S.  review  team  of  the  IPCC,  stating  that  I  was  being  refused 
data  absolutely  critical  to  a  proper  peer  review  of  this  important  document.  He  stated  that 
he  would  be  contacting  IPCC,  but  the  important  data  never  appeared. 

I  specifically  requested  the  data  required  to  review  this  model  in  other  correspondence, 
making  five  separate  inquiries  to  EPCC. 

There  is  no  doubt  their  refusal  to  supply  me  the  model  results  seriously  compromises  the 
scientific  review  process  of  climate  models  that  now  form  the  basis  for  policy  proposals  to 
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reduce  greenhouse  emissions. 


I  have  appended  my  review  of  the  new  IPCC  document  (dated  June  5,  1995)  as  well  as  that 
of  the  IPCC  "Synthesis"  of  recent  findings  (September  14,  1995)  for  this  Record. 
Throughout  these  reviews  I  have  noted  that  I  was  denied  critical  results  required  to  perform 
an  adequate  review.  Several  of  my  review  comments,  especially  on  Chapter  6  in  the  June 
review,  speak  directly  to  problems  in  the  climate  models.  My  comments  consist  of  4,639 
words  and  resulted  in  not  one  discemable  change  in  the  text  of  the  IPCC  drafts. 


****#m*4L* 


What  does  all  of  this  say  about  repeated  reports  that  there  will  be  grave  ecological 
consequences  from  global  warming,  large  sea  level  rise,  and  spread  of  tropical  diseases, 
and  other  apocalyptic  scenarios? 

Simply  this;  Such  reports  cannot  be  u^isted.  Many,  including  the  recent  EPA  report  on  sea 
level  rise,  are  based  upon  models  that  are  now  known  to  have  been  greatly  overpredicting 
warming.  And  prediction  of  effects  that  are  based  upon  the  newer,  cooler,  models,  such 
as  the  ones  described  here,  are  simply  premature,  because  data  required  to  analyze  those 
models  has  not  been  provided  to  those  who  are  known  to  be  critical  reviewers. 
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APPENDIX  1.  Review  of  the  overall  1995  Second  Scientific  Assessment  on  Climate 
Change  (June  5,  1995)  and  the  associated  "Synthesis"  document  (September  14,  1995). 
Not  one  alteration  of  the  original  text  was  apparently  made  from  these  extensive  comments. 
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June  5.  1995 

MEMORANDUM 

TO:  Mike  MacCracken,    U.S.  Review  Coordinator.  IPCC  1995  Summary. 

FROM:  Patrick  J.  Michaels.  University-  of  Virginia 


Following  are  my  reviews  of  four  sections  of  the  IPCC  1995  draft,  Chapters  3.  6.  and  the 
Policymakers  Summary. 

I  could  not  provide  a  thorough  review  of  Chapter  6  without  the  gridded  transient  output  of 
sulfate/greenhouse  models,  particularly  the  one  from  UKMO.  You  know  the  story  there. 
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REVIEW  OF  CHAPTER  3 


A  major  concern  about  this  chapter  is  the  repeated  reference  to  "trends"  in  climate  data  that 
often  are  not  statistically  significant.  A  trend  that  is  not  significant  at  an  arbitrary  (say,  a  = 
.05)  level  is  in  fact  not  distinguishable  from  zero,  and  is  therefore  neither  "rising"  nor 
"falling".  Thus  there  are  several  points  where,  in  order  to  meet  this  normal  scientific 
standard,  the  text  must  be  modified. 

Specifically,  I  recommend  the  following  changes: 

Page  1,  lines  15-17:  "Radiosonde,  Microwave  Sounding  Unit  (satellite),  and.  surface- 
measured  temperatures  show  no  statistically  significant  change  beginning  in  1979.  After 
adjustment  for  volcanism  and  El  Nino,  the  satellite  data  continue  to  show  no  significant 
trend." 

For  the  same  reason,  the  last  sentence  on  page  1  should  be  removed,  unless  the  ice 
coverage  is  below  the  mean  at  a  statistically  significant  level;  it  is  not. 

Page  2,  line  2.  Tliere  has  been  no  significant  trend  in  global  precipitation... 

line  1 1-12.  I  don't  know  if  the  difference  since  1987  is  statistically  significant  in  terms  of 
annual  average,  but  you  should  ask  Dave  Robinson  at  Rutgers  to  see  if  this  statement  can 
stand. 

Beginning  on  line  22.  SOI  values  1990-1995  axe  not  distinguishable  from  1910-1917,  a 
slightly  longer  period.  The  statement  about  the  behavior  between  1990-95  must  therefore 
be  deleted;  leaving  it  in  will  compromise  the  scientific  credibility  of  the  document  because 
critics  will  point  to  the  similarity  between  the  two  periods  (in  spite  of  the  fact  that  the  global 
temperature  was  lower  and  that  the  transition  from  1917  to  1920-after  the  prolonged  El 
Nino  ended— was  perhaps  the  most  notable  warming  period  in  the  entire  instrumental 
record) 

Page  3  line  3.  Again,  the  change  in  extratropical  cyclone  activity  is  not  statistically 
significant  (see  Dolan  and  Davis,  1994),  so  the  sentence  should  read,  "There  is  no 
significant  change  in  strong  extratropical  cyclone  activity,  however,  intense  tropical  cyclone 
activity  in  the  Atlantic  has  decreased  signiTicandy". 

Line  13  is  profoundly  misleading  and  will  subject  the  repon  to  public  criticism.  It  conveys 
the  impression  that  the  composite  temperature  indicator  (Figure  3.22)  is  at  its  highest  value; 
it  clearly  is  not,  and  the  highest  values  were  reached  in  the  1930s  with  the  big  rise  between 
the  19-teens  and  the  20s;  look  at  the  figure.  For  accuracy,  the  text  should  read, 
"Composite  indicators  of  summer  temperature  show  that  a  rapid  rise  occurred  around  1920, 
and  that  the  1920s  and  1930s  the  warmest  decades  since  at  least  around  1400.  This  rise 
was  prior  to  the  major  greenhouse  emissions.  Since  then,  composite  temperatures  have 
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dropped  slightly  on  a  decadal  scale."  Again,  take  a  look  at  figure  3.22  carefully. 

Lines  25-26.  The  last  sentence,  while  it  may  be  true,  surely  is  there  to  convey  the 
impression  that  this  is  important.  What  is  obviously  more  imponant  is  regional  climate 
change,  particularly  because  the  projected  warming  is  more  Ukely  to  be  night/winter/high 
latitude  than  anything  else.  There  are  plenty  of  regional  changes  within  this  magnitude 
range  in  the  20th  century.  Therefore  the  last  sentence  should  be  suiick. 

Page  6,  lines  2-4.  Combining  satellite  and  surface  data  to  reformulate  SST  is  an  interesting 
idea.  You  therefore  should  also  attempt  to  combine  the  MSU  and  surface  records,  as 
MSU  gives  broader  coverage.  At  any  rate,  the  chapter  as  it  stands  gives  those  (like  this 
author)  who  like  to  do  that  a  perfect  precedent.  Combining  surface  and  MSU  records 
blows  any  significant  trend  out  of  the  NH,  SH  and  global  records  for  the  last  50  years,  and 
reduces  the  century-scale  wanning  u^end  by  50%.  This  should  be  noted  somewhere  in  the 
text. 

Page  7,  line  22.  First  word  must  be  changed  to  "all".  Cite  one  that  does  not.  If  you  can 
find  one  or  two,  change  to  "almost  all". 

Line  27.  The  significant  warming  there  is  only  in  the  night  (winter)  temperature.  Change 
to  "Significant  warming  of  winters  since  the  1950s...." 

Line  31  Add:  "Sansom  (1989)  [Journal  of  Climate]  found  no  significant  change  in  mean 
temperanjres  averaged  across  Antarctica  since  1957. 

In  addition,  analysis  of  surface  records  shows  no  significant  trend  in  mean  Antarctic 
temperatures  back  to  1965,  or  1967  if  the  radiosonde  record  is  used  (see  attached  figure) 
Thus  all  of  the  power  in  the  post-IGY  record  is  between  1957  and  1965.  This  will  no 
doubt  become  public  knowledge  when  Jones  1995  hits  the  press,  so  why  risk  credibility  by 
not  mentioning  it  now? 

In  addition,  the  cold  1994  data  must  be  included;  If  you're  going  to  use  it  in  this  report  to 
demonstrate  that  global  temperatures  were  warm,  you  had  better  also  include  the  Antarctic 
figures  or  be  subject  to  comments  about  subjective  data  inclusion. 

Page  9,  lines  34-36.  None  of  these  warmings  are  statistically  significant  at  the  .05  level. 
Add  a  sentence.  "Inasmuch  as  none  of  these  trends  were  statistically  distinguishable  from 
zero,  these  figures  are  mutually  consistent". 

Page  12,  line  34.  Lachenbruch  and  Marshall  hypothesized  a  warming  of  2-4°C  "sometime 
in  the  last  100  years"  in  their  1986  paper.  There  are  land  records  available  for  their  region 
of  study,  and  they  show  this  warming  was  prior  to  1950,  or  hardly  consistent  with  a 
greenhouse  enhancement;  In  fact,  this  is  characteristic  of  much  of  the  high  latitude  North 
American  borehole  studies  and  should  be  noted. 
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Page  14,  line  21.  Change  to  be  consistent  with  Page  9,  lines  34-36  noted  above.  There  is 
no  significant  change  in  any  of  these  records  since  1979. 

Page  20.  lines  26-40.  Way  to  take  something  we  didn't  say  and  say  we  said  it!!!  Here's 
what  the  EOS  paper  (Lins  and  Michaels,  1994)  concludes  in  its  final  paragraph: 

"One  possible  explanation  for  the  differences  between  Karl's  findings  of  no  (emphasis 
added  here  for  the  IPCC  folks)  increases  in  winter-season  precipitation  and  our  increasing 
winter  streamflow  is  that  there  may  have  been  a  decrease  in  evaporation  which  would  occur 
if  there  were  an  increase  in  cloudiness  even  if  temperature  and  precipitation  did  not 
change. ..[cloudiness  increases  in  the  U.S.  were  described  by  Angell,  1990]. ..The 
streamflow  and  cloudiness  data  are  also  consistent  with  the  trend  toward  lower  daily 
maximum  temperatures  (and  therefore  less. evaporation)  that  occurred  across  the  United 
States  from  1948-87". 

Please  make  the  text  consistent  with  the  citation.  Try.  "Their  results  were  most  consistent 
with  observed  reductions  in  daytime  high  temperature  and  increased  cloudiness  over  the 
United  States,  as  streamflow  increases  were  observed  over  regions  and  seasons  where 
precipitation  has  not  increased". 

Page  25,  lines  10-14.  Mastenbrook  (1983)  found  larger  declines  over  the  same  regions 
noted  in  Oltmans  and  Hoffman  for  the  1960s  and  70s.  Somehow  this  should  be  noted. 

Page  27,  line  17.  Trenberth  (1995)  is  submined,  not  accepted. 

Page  29,  line  20.  Hurrell  (1995)  also  submitted,  not  accepted.  Because  this  is  cited 
immediately  after  Trenbenh  and  Hurrell,  I'll  guess  that  they're  related.  While  Kevin 
appears  to  know  more  than  anyone  about  climate  (just  ask  him),  even  his  work  may  be 
subject  to  revision  after  review. 

Page  30,  line  26.  The  60-year  "period"  referred  to  by  Schlesinger  and  Raraankutty  is 
based  upon  one  (1)  very  noisy  cycle  length.  Errors  in  hemispheric  leraperaaire  projections 
by  SchJesinger's  GCM  bear  little  resemblance  to  this  pattern.  Thus  the  text  should  be 
modified  to  indicate  that  the  magnitude  of  the  Schlesinger  and  Ramankutiy  period  is 
insufficient  to  explain  any  statistically  significant  portion  of  current  transient  model  errors 
in  the  Northern  Hemisphere. 

Page  32,  lines  4-5.  This  is  a  decidedly  "non-greenhouse"-like  circulation  change  in  the 
hemisphere  that  is  supposed  to  be  unfettered  by  sulfates.  Conu-ast  this  to  Page  33,  lines 
22-23.  Together  you  must  conclude,  from  these  observations,  that  the  circulation  in  the 
Northern  Hemisphere  is  more  consistent  with  a  greenhouse  alteration  than  is  the  Southern 
Hemisphere. 


Page  39,  line- 23.  In  this  case,  both  manuscripts  are  "submitted".  Because  this  reviewer 
cannot  comment  on  the  statistical  significance  of  these  findings,  they  are  best  left  out. 
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Page  47,  line  18.  Figure  3.22  is  very  interesting  and  deserves  comment.  The  text  should 
be  altered  to  state,  as  I  noted  in  an  earlier  comment,  "Composite  indicators  of  summer 
temperature  indicate  that  a  rapid  rise  occurred  around  1920,  and  that  made  the  1920s  and 
1930s  the  warmest  decades  since  at  least  around  1400.  This  rise  was  prior  to  the  major 
greenhouse  emissions.  Since  then,  composite  temperatures  have  dropped  slightly  on  a 
decadal  scale." 

"Cartoon"  illustration:  Only  statistically  significant  changes  in  observed  data  should  be 
included. 


REVIEW  OF  CHAPTER  6 

My  greatest  difficulty  in  reviewing  this  chapter  relates  to  evaluation  of  the 
sulfate/greenhouse  transient  model  of  Mitchell,  which  was  used  in  Berlin  as  to  ground 
statements  that  models  and  observations  are  now  mucfi  more  consistent.  My  examination 
of  Mitchell's  upcoming  Nature  manuscript  leads  to  the  conclusion  that  this  model  is  still 
producing  unrealisiically  large  warmings  precisely  in  the  region  where  the  strongest 
wanning  is  forecast:  the  high  latimdes  of  the  N'orlhem  Hemisphere.  To  perform  a  proper 
review,  one  would  need  to  examine  the  spatial  and  temporal  behavior  of  this  signal. 
Consequently  I  repeatedly  requested  gridded  transient  data  for  this  model  and  was  explicitly 
refused.  The  grounds  for  refusal  were  not  logical. 

In  other  words,  I  was  purposefully  prevented  from  performing  a  proper  review  of  this 
Chapter. 

Page  6.1.  Lines  1-4.  This  is  wrong.  As  noted  in  my  review  of  Chapter  3,  there  is  no 
statistically  significant  trend  in  the  radiosonde,  MSU,  or  ground  based  records  since  their 
concurrence  begins  in  1979. 

Lines  11-13.  Quantitative  inconsistency.  It  is  50  years  to  the  middle  of  the  next  century. 
At  a  warming  rate  of  .2  to  .35/decade,  the  temperature  rise  to  then  is  1.0  to  1.8",  not  the 
"between  2  and  4°  warmer"  given  in  line  13.  Probably  best  to  eliminate  the  statement  on 
line  13. 

Lines  37-38.  The  exact  same  mistake  is  repeated.  .15  to  .257decade  gives  a  warming  of 
from  .75  to  1.25°,  not  the  "between  1  and  2.5°"  given  in  line  38. 

Page  6.5  lines  2-3.  This  sulfate  aerosol  forcing  change  implies  that  annual  unscrubbed  coal 
combustion  will  double  by  2050.  That  is  doubtful  on  several  grounds. 

Page  6.5.  The  text  should  note  somewhere  that  the  Cubash  et  al  (MPI)  transient  model 
(given  as  MPI  C02  anom)  in  figure  6.2.2  is  clearly  making  major  (approximately  6°C) 
errors,  by  simulating  the  high  latitudes  of  the  Northern  Hemisphere  too  cold  for  roughly 
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its  first  65  years.  If  this  massive  error  were  eliminated,  the  warming  it  predicts  would 
begin  long  before  now  and  there  would  be  a  considerable  disparity  between  this  GCM  and 
reality.  If  this  is  not  noted  in  the  text,  it  surely  will  be  in  the  public  discussion  following 
release  of  this  report.  Why  not  save  IPCC's  credibility  by  doing  so  now? 

Page  6.6: 

My  reading  of  Mitchell's  upcoming  Nature  manuscript  leads  me  to  believe  that  transient 
greenhouse/sulfate  models  continue  to  produce  large  warmings  of  the  high  latitudes  of  the 
Northern  Hemisphere  that  have  not  been  observed.  To  verify  this  in  space  and  time 
requires  analysis  of  the  gridded  output  from  this  model,  which  was  denied  to  me.  This  has 
severely  compromised  my  ability  to  properly  review  this  chapter. 

Page  6.9,  lines  3-4. 

Again,  Mitchell's  Nature  manuscript  still  implies  a  large  winter  warming  should  have  taken 
place  that  is  not  apparent  from  observations.  I  cannot  comment  further  because  I  do  not 
have  the  transient  output 

Pages  6.10-11. 

The  magnitude  of  flux  adjustments,  as  noted  in  Murphy  and  Mitchell  (1995,  Journal  of 
Climate)  in  the  western  oceanic  gyres  should  be  explicitly  stated  here. 

Section  6.6.1. 

It  is  clear  that  regional  temperature  and  precipitation  biases  are  so  large  as  to  make  such 
estimation  of  funire  climate  a  dangerous  exercise.  Why  include  this  if  it  is  so  unreliable? 


COMMENTS  ON  SUMMARY  FOR  POLICYMAKERS 

SPM- 1 ,  line  8.  Several  opinion  polls  of  scientists  have  concluded  that  the  use  of  the  world 
"already"  conveys  a  (purposeful?)  misleading  impression  to  the  (mostly)  non  scientists 
who  will  only  read  this  chapter.  Remove  the  world  "alreadv"  and  this  criticism  will  not  be 
leveled. 

SPM-2,  top  section.  I  do  not  believe  in  the  "basic  integrity"  of  the  models  because  of  the 
large  errors  that  are  currently  made  in  high  latitude  winter.  This  is  where  the  greatest 
warming  is  forecast  and  where  there  has  been  little  evidence  that  this  forecast  was  correct. 
You  should  add  a  "bullet"  after  line  18  that  states, 

"continued  overestimation  of  high  latitude  winter  warming  is  a  serious  problem  thai  has 
generally  eluded  correction,  even  after  allowing  for  competing  effects  of  antiiropogencratcd 
aerosol. 
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SPM-3,  lines  18-19.  "in  recent  decades"  is  misleading.  It  conveys  the  impression  that  the 
composite  temperature  indicator  (Figure  3.3)  is  at  its  highest  value;  it  clearly  is  not,  and  the 
highest  values  were  reached  in  the  1930s  with  the  big  rise  between  the  19-teens  and  the 
20s;  look  at  the  figure.  For  accuracy,  the  text  should  read,  "Composite  indicators  of 
summer  temperature  indicate  that  a  rapid  rise  occurred  around  1920,  and  that  made  the 
1920s  and  1930s  the  warmest  decades  since  at  least  around  1400.  This  rise  was  prior  to 
the  major  greenhouse  emissions.  Since  then,  composite  temperatures  have  dropped  slightly 
on  a  decadal  scale."  Again,  take  a  look  at  figure  3.3  carefully. 

Lines  24-26.  These  are  wrong.  SOI  values  1990-1995  are  not  distinguishable  from  1910- 
1917,  a  slightly  longer  period.  The  statement  about  the  behavior  between  1990-95  must 
therefore  be  deleted;  leaving  it  in  will  compromise  the  scientific  credibility  of  the  document 
because  critics  will  point  to  the  similarity  between  the  two  periods  (in  spite  of  the  fact  that 
the  global  temperature  was  lower  and  that  the  transition  from  1917  to  1920- after  the 
prolonged  El  Nino  ended— was  perhaps  the  most  notable  warming  period,  in  the  entire 
instrumental  record). 

SPM  1 1-Lines  5-6.  In  order  to  protect  credibility,  it's  always  advisable  to  tell  the  whole 
truth.  Therefore  the  statement  "This  estimate  is  smaller  than  that.."  should  be  changed  to, 
"This  estimate  is  50%  less  than  that  given...." 

SPM-13,  insenin  line  24: 

"Radiosonde,  Microwave  Sounding  Unit  (satellite),  and  surface- measured  temperatures 
show  no  statistically  significant  change  beginning  in  1979.  After  adjustment  for  volcanism 
and  El  Nino,  the  satelhte  data  continue  to  show  no  significant  trend." 

SPM-13,  lines  34-35.  See  comment  on  SPM-3,  lines  18-19,  above.  It  is  very  imponant 
that  you  state  this  accurately  or  criticism  may  be  very  sharp. 

SPM- 14,  lines  12-13.  Same  as  SPM-3.  lines  18-19. 

Lines  39-40.  The  repeated  citation  of  in  the  entire  document,  including  the  SPM.  of 
"  10,000  years"  concerns  me.  Clearly,  the  addition  of  another  1 ,000  years  brings  us  back 
to  periglacial  conditions,  and  therefore  larger  climate  oscillations  generally  associated  wilh  a 
colder  climate.  Why  just  stop  at  10,000?  Because  the  ecological  effects  of  natural  climate 
change  1 1 ,000  years  ago  dwarfed  anything  humans  can  do?? 

SPM.  15,  lines  29-30.  Most  scientists  would  associate  stronger  extrafiropical •cyclones  with 
an  increased  temperature  gradient;  the  opposite  is  predicted  for  an  enhanced  greenhouse 
effect.  Add  the  statement,  "This  observation  is  not  consistent  with  greenhouse  projections 
that  reduce  the  pole-to-equator  temperature  gradient  Further,  there  is  no  significant  change 
in  strong  excratropical  cyclone  activity;  intense  tropical  cyclone  activity  in  the  Atlantic  has 
decreased  significantly". 
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SPM-21,  38-40.  Suggest  you  look  at  Michaels  et  al..  (1994;  Technology  331A,  123- 
133).  Sulfate  aerosols  are  not  a  sufficient  explanation  for  the  known  pattern  mismatch 
between  nonsulfate  greenhouse  GCMs  and  observations. 

SPM  22,  38-39.  Add,  "There  are  also  broad  areas  of  considerable  inconsistency  between 
sulfate-greenhouse  models  and  observations;  these  areas  are  the  same  regions  where  these 
models  predict  the  largest  warmings".  This,  of  course,  refers  to  the  polar  regions, 
especially  in  winter. 

SPM  23,  lines  5-13.  This  paragraph  is  wrong  and  will  harm  IPCC  if  it  remains.  MSU 
satellite  data  show  no  signal  that  is  at  all  consistent  with  a  sulfate  modification  of 
greenhouse  warming.  Critics  will  surely  point  this  out  as  evidence  for  sloppy  science  if  it 
remains  in  this  Summary.  Best  leave  the  whole  paragraph  out  rather  than  try  to  explain 
away  the  MSU  with  a  bad  argument. 

Lines  14-15.  Asking  for  trouble  here.  By  citing  the  "natural  variability"  argument  heavily 
in  previous  editions,  and  now  switching  to  the  absolute  statement  that  "global-mean 
temperature  changes  of  the  last  century  are  unlikely...."  you're  liable  to  be  severely 
criticized.  Best  to  modify  the  statement  by  saying  "Some  of  the  global-mean...." 

SPM-26,  lines  1-2.  Previous  reports  said  C02  and  non  C02  greenhouse  contributions 
were  roughly  equivalent.  You  need  to  explain  the  change  here  (which  will  be  very 
difficult). 

SPM-29,  lines  1-2.  Chapter  three  notes  that  there  is  no  evidence  for  an  increase  in  exu-eme 
high  temperatures  while  there  is  a  decrease  in  the  severity  of  extreme  lows.  You  need  to 
differentiate  between  these  events  here. 

SPM-30,  lines  30-31.  This  statement  has  been  repeated  so  many  times,  it  may  ultimately 
be  known  as  "Trenbenh's  Folly".  See  previous  commentary.  Leave  it  in  as  is  and  there 
will  be  sharp  criticism. 

SPM  34-35:  Regional  estimates.  Delete.  They  are  unreliable.  IPCC  should  be  aware  that 
the  unreliability  of  these  selfsame  predictions  from  previous  editions  has  served  as  the  basis 
for  ovenuming  or  refusing  externality  costs  for  C02  emissions  in  civil  proceedings  in 
several  states  in  the  USA.  Leaving  them  in  therefore  harms  environmental  protection  (if 
one  believes  that  emission  reductions  are  desirable,  as  does  the  head  of  IPCC). 
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September  14.  1995 

MEMORANDUM 

.  TO:  Mike  MacCracken.    U.S.  Review  Coordinator,  IPCC  1995  Synthesis  Report 
FROM:  Patrick  J.  Michaels,  University  of  Virginia 

Following  is  my  review  of  the  1995  Synthesis  Repon. 

I  again  express  my  concern,  as  I  have  several  times  this  year,  that  I  was  refused  the  most 
critical  piece  of  data  pertinent  to  a  proper  review  of  this  document,  which  is  the  high 
latitude  transient  gridcells  of  the  GHG  and  SUL  models  from  UKMO.  Any  excuses  about 
upcoming  publications  no  longer  apply,  and,  if  in  fact  that  were  the  case,  these  reviews  are 
not  a  public  maner  anyway. 

The  fact  that  Mr.  Houghton  is  the  head  of  both  UKMO  and  IPCC  places  IPCC  in  a  very 
serious  situation  here. 

Sincerely 


Patrick  J.  Michaels 
Virginia  State  Climatologist 
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Review  of  1995  Synthesis  Report 

COMMENTS  ON  THE  POLICYMAKERS  SUMMARY 

Draft  team:  The  drafting  team  represents,  in  large  part,  only  one  part  of  the  political 
spectrum  on  this  issue.  I  see  not  one  of  the  well-known  "skeptics"  or  technological 
optimists. 

Section  2.2.  Last  sentence  is  misleading  and  meaningless.  Of  course  there  are  secular 
changes  in  regional  climate  variables.  If  there  weren't  there  would  be  no  need  for  weather 
forecasters.  Strike  the  sentence;  leave  the  previous  one  in. 

Section  3.2.  The  given  range  is  not  right.  According  to  figure  7,  the  range  with  aerosols  is 
0.8  to  2.4°  In  reality,  it  should  be  somewhat  less  than  0.8  because  the  lower  limit  in  the 
aerosol  and  non  aerosol  models  cannot  logically  be  the  same.  Therefore  the  sentence 
should  read". ..global  mean  temperature  of  somewhat  less  than  0.8°C  to  2.4°C  by  2100."  A 
further  misread  occurs  in  the  non  sulfate  models,  where  the  top  should  be  3.2°C  and  the 
lower  limit  0.8.  See  figure  7. 

The  aerosol  scenario  gives  a  mean  warming  of  1.6°C,  which  represents  the  lowest  mean 
ever  projected  by  IPCC,  and  IPCC  should  emphasize  this.  An  acknowledgement  of  the 
"cynics"  that  IPCC  marginalized  in  1990  (i.e.  the  folks  who  turned  out  to  be  right) 
wouldn't  hurt  here  either. 

At  any  rate,  with  the  1.6°C,  you  have  to  lower  the  sea  level  to  a  median  of  0.35  m,  or  a 
range  of  0.1  to  0.6. 

How  can  you  project  increased  floods  and  droughts-ihey're  regional  events? 

4. 3. a  This  is  obviously  an  attempt  to  inject  some  ecological  relevance  into  this 
disappearing  problem,  at  0. l°C/decade  the  microclimatic  diversity  is  surely  enough  to 
create  ersatz  migration  corridors.  We  don't  live  in  a  static  society  anymore,  either. 

4.3.C  Note  to  Larry  Kaikstein.  If  climate  only  determined  disease,  Northern  Australia 
would  be  a  Malarial  miasma.  Sanitation,  not  an  impoverishing  carbon  tax  on  producer 
nations,  prevents  malaria.  Carbon  taxes  help  it  by  destroying  the  benificent  economies. 

4.7  Sounds  like  an  assertion  at  an  undergraduate  bull  session.  Prove  it  or  remove  it. 

5.5  and  its  ilk  neglect  the  finding  that  the  temperature  forests  of  the  midlatitudes  can  store 
360  tg  of  carbon  per  year  (if  proper  management  continues).  All  statements  on  drawdown 
times  have  to  be  radically  changed  to  reflect  this  finding.  Keep  them  in  like  this  at  IPCCs 
peril.  Wait  tiD  Sherwood  Idso  and  Sylvan  Wittwer  get  a  hold  of  them. 
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6a  Natural  gas  used  to  produce  70%  of  the  carbon/btu  of  coal.  Now  its  587o.  What 
changed?  Better  gas?  Dirtier  coal?  New  coal  combustion  (ceramic)  technology  will  surely 
change  this.  Making  this  repon  a  mandate  to  kill  coal  is  not,  repeat,  not  a  very  good  idea. 

6.9  What  is  a  market  pull?  If  you  mean  market  distortion  say  it,  1984  has  passed. 

REVIEW  OF  OVERALL  TEXT 

2.6  This  is  a  meaningless  paragraph,  attempting  to  inflame  those  who  don't  know  better 
(i.e.  "policymakers").  Discard. 

2.7  Try  adding  this  at  the  end.  "However,  any  anthropogenerated  signal  is  very  small  and 
so  subtle  that  it  would  not  have  been  noticed  by  anyone  but  extremely  quantitatively 
oriented  scientists." 

3.4  The  assumptions  about  CFCs  are  guaranteed  to  inflate  forcing.  Note  that 
concentrations  are  already  levelling  off. 

3.15  This  is  inconsistent  with  the  policymakers  summary.  It  should  say  (see  my  earlier 
text)  less  than  .08°C/decade  to  .247decade  with  sulfates  and. ...analogous  figures  without. 

3.16  Adjust  sea  level  re  my  earlier  criticism  of  spm 

3.19,  3.20.  IPCC  now  acknowledges  that  GHG  only  models  overpredict  warming  (and 
therefore  everything  else).  Why  are  these  sections  here?  Delete  them  or  be  careful  of  the 
upcoming  criticism. 

4.3.  You've  got  to  be  kidding!  Take  North  America:  Annual  temperature  range  of  90°C. 
highly  mobile  population.  Does  life  expectancy  decrease  as  one  moves  south?  The 
problem  here  is  not  climate  change,  it's  governments  that  place  their  people  at  risk  through 
incompetent  managemenL 

4.4  The  same  argument  as  in  4.3  applies  here,  Mr.  Kalkstein. 

Box,  page  12.  Natural  ecosystems  are  not  necessarily  more  vulnerable.  Diverse  systems 
are  more  stable  and  create  their  own  microclimates  more  effectively.  A  planted  stand  of 
Loblolly  Pine  doesn't  have  the  either  the  genetic  or  the  microclimatic  diversity  of  the  mixed- 
mesophytic  forest. 

4.5  See  4.3c  from  the  Policymakers  Summary.  Try  sanitation  rather  than  carbon  ta.xcs. 
Which  is  more  effective? 

4.9  David  Legates  (J  Climatology)  demonstrated  that  the  model  forecasts  of  precipitaiion 
are  childishly  bad  and  vary  dramatically  between  models.  Leave  statements  like  this  in  and 
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watch  what  will  happen  in  congressional  testimony. 

4.13  Someone  here  doesn't  understand  that  trees  naturally  grow  very  well  out  of  their 
competitive  range.  This  is  being  written  from  Atlanta,  where  I'm  surrounded  by  huge  Red 
Spruce  (Picea  njbens)  trees  that  are  found  "naturally"  only  above  5,500  feet  here. 
Remarkably,  they  can  also  reproduce  in  Atlanta,  because  trees  produce  microclimates  that 
are  suitable  for  their  propagation.  Why  does  Abies  balsamea  (Balsam  fir)  grow  naturally  in 
Iowa?  The  distribution  of  microclimatic  relicts  is  likely  to  greately  attenuate  the  argument 
made  in  4.13.  The  warming  of  1-4°  has  to  be  reduced  to  be  consistent  with  the  SPM-see 
my  arguments  above.  It  should  be  change  to  "less  than  0.8  to  2.4°C" 

4. 14  Suffers  from  the  same  problem  as  the  previous  section. 

4.17.  After  setting  up  the  straw  arguments  in  the  previous  4  sections,  this  one  is  used  to 
claim  that  "dangerous"  has  been  reached  so  that  U.N.  can  mandate  a  carbon  tax  or 
something  like  that.  Take  this  out,  or  else  the  whole  straw  man  is  going  to  be  exposed. 

4.21  One  view  is  obviously  correct--lhe  first  one;  The  second  one  has  no  basis  in  data 
except  in  the  imagination  of  Paul  Ehrlich,  Donella  Meadows,  and  Lester  Brown,  three 
folks  who  have  yet  to  make  an  accurate  prediction  about  the  world  food  system.  That's  not 
a  good  record  for  60  person-years  of  trying. 

4.24  Wittwer  (1995)  argues  in  his  new  book  for  major  beneficial  effects  to  agriculture, 
even  on  C4  plants. 

4.25  EPCC  1990  didn't  talk  much  about  CO-)  fenilLzation,  which  resulted  in  a  showtrial  of 
Sherwood  Idso  for  scientific  heresy.  Now  its  important.  How  about  a  lener  of  apology  to 
Sherwood? 

4.29  It  is  clear  from  the  new  Science  paper  by  Ciaia.  Tans  et  al  that  the  vegetation 
responds  rapidly  and  dramatically  to  even  the  small  increases  that  we  have  made  in  CO2. 
Couple  this  to  technological  advancement  (Hke  genetic  engineering)  and  many  of  the 
ecological  problems  minimize. 

4.30  Change  the  temperature  rate  changes  to  reflect  the  SPM,  also  as  I  have  modified  IL 

5.22  Much  of  this  table  is  wrong  because  of  the  rapid  uptake  of  CO2  now  being  observed. 

6.25  Speaks  of  perfecting  markets,  and  6.28  speaks  of  distorting  ihem.  Which  do  you 
want?  There  a  few  unemployed  cenu-al  economic  planners  available  should  you  need  the 
expertise  for  the  new  five  year  plan. 

6.29  Just  Try  this  one  in  the  U.S.  and  watch  the  treaty  evaporate. 
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7.3,  pp35-36.  Its  also  a  question  of  forsaking  capital  for  our  children  to  use.  I'm  glad  my 
parents  didn't  spend  all  their  money  fighting  global  cooling.  Now  I  can  buy  an  efficient  car 
instead  of  that  old  polluting  beater. 

7.8  Lets  hear  it  for  free  trade.  Or  for  that  matter,  for  the  freedom  of  thought  and  faith  in 
innovation  that  it  generates.  Maybe  if  we're  all  free  enough  we  won't  need  the  IPCC  to 
help  us  live  better  lives  through  documents  such  as  the  1995  Synthesis  Report. 
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Mr.  ROHRABACHER.  I  believe  that  is  a  fairly  substantial  charge, 
Dr.  Michaels.  And  we  will  now  move  forward  with  some  question- 
ing. 

First  of  all,  before  we  go  into  questioning,  let  me  give  you  the  op- 
portunity to  ask  a  question  or  two  of  each  other,  and  if  I  could  just 
ask  this:  that  we  make  this  as  direct  as  possible — answers  and 
questions. 

Do  either  of  you  have — I  mean,  these  are  pretty  substantial 
charges  that  Dr.  Michaels  is  saying — do  you  have  any  questions,  or 
vice  versa? 

Dr.  Mahlman.  If  I  may,  Mr.  Chairman 

Mr.  ROHRABACHER.  Yes,  sir. 

Dr.  Mahlman.  Yes,  thank  you. 

I  agree  with  Dr.  Michaels  that  the  observed  record  does  indicate 
a  climate  sensitivity  lesser  than  that  implied  by  the  models  in  the 
past. 

I  do  not  agree  that  his  analysis  is  logical  or  straightforward  in 
that  he  is  appealing  to  a  comparison  of  a  realistic  case,  namely  the 
last  15  years,  to  an  idealized  increasing  C02  case,  and  that  leaves 
out  the  effect  of  sulfate  aerosols,  as  he  properly  points  out.  It  also 
leaves  out  the  fact  that  the  satellites  are  now  known  to  be  seeing 
the  strong  ozone  losses  that  have  happened  in  the  upper  tropo- 
sphere and  the  lower  stratosphere. 

Mr.  ROHRABACHER.  Do  you  have  a  specific  question  for  him  that 
might 

Dr.  Mahlman.  My  specific  question  is  to  speak  to  an  assertion 
that  he  made.  Okay? 

And  therefore  I  would  submit  that  indeed  it  is  true  that  it  is 
most  likely  that  aerosols  are  producing  a  temporary  offset  to  the 
global  warming  problem,  but  I  do  not  accept  that  this  argument  is 
as  clear  as  he  is  arguing  it  is,  merely  because  the  comparison  is 
not  fully  straightforward. 

Dr.  Michaels.  Excuse  me. 

The  ozone  or  the  aerosols  tend  to  lie  in  the  bottom  5,000  to  7,000 
feet  of  the  atmosphere.  That  is  the  satellite's  best  temperature 
sense  is  from  5,000  feet  to  30,000  feet  in  channel  2R.  It  is  above 
the  aerosol  layer. 

So  you  cannot  say  that  the  aerosols  are  what  is  preventing  the 
warming  in  the  satellite. 

And  you  also  cannot  say  that  it  is  the  ozone  depletion  that  is  pre- 
venting the  warming  in  that  record  because  most  of  the  ozone  de- 
pletion takes  place  above  the  300  millibar  layer,  in  fact,  above  the 
troposphere. 

We  had  this  discussion,  I  should  say,  Mr.  Chairman,  at  our  meet- 
ing on  October  13th,  1994,  and  that  discussion,  which  I  have  re- 
corded, states  the  following: 

The  argument  was  made  that,  "Oh,  you  just  have  to  dismiss  the 
satellite  data  because  ozone  is  what  is  compromising  it."  And  a  re- 
sponse was  made. 

Ozone  is  a  direct  radiative  effect  and  it  changes  much  from  year 
to  year.  In  the  years  in  which  the  ozone  shows  a  low  spike,  is  that 
reflected  in  the  satellite  temperature? 

Answer.  "Oh,  no,  no,  no.  It  is  just  a  trend,  you  know." 
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Mr.  ROHRABACHER.  Dr.  Michaels,  maybe — well,  let  me  just  ask 
Dr.  Guerrero  if  he  something  to  throw  in  now  as  rebuttal  or  obser- 
vation. 

Mr.  Guerrero.  Why  not. 

Mr.  ROHRABACHER.  You  know,  by  the  way,  I  am  sure  that  there 
are  people  in  the  scientific  community  that  will  understand  every 
single  thing  that  you  two  fellas  just  said. 

Dr.  Mahlman.  We  hope  so. 

[Laughter.] 

Dr.  Guerrero,  would  you? 

Mr.  Guerrero.  I  would  just  point  out  that  an  important  consid- 
eration to  keep  in  mind  when  thinking  about  the  models  and  their 
admitted  limitations,  which  I  think  both  of  the  panelists  will  agree, 
that  there  are  limitations. 

That  the  modelers  themselves  recognize  those  limitations  and  in 
fact  conduct  sensitivity  analyses  and  assessments  and  make  what 
they  call  flux  adjustments  to  reflect  the  fact  that  models  are  indeed 
somewhat  out  of  sync  with  when  you  go  back  and  you  look  at  the 
climatic  record,  they  will  be  off  to  some  extent. 

And  that  that  is  a  normal  process.  But  the  fact  that  modelers  do 
that  makes  the  models  better  in  terms  of  the  predicted  capacity  by 
removing  error  than  compounding  that  error. 

Dr.  Michaels.  I  have  a  question.  I  did  not  get  to  ask  one. 

Mr.  ROHRABACHER.  Let's  do  this.  Let's  go  through  our  regular 
questions  and  answers.  Then  we  will  have  one  final  round  of 
rebuttalism  at  the  end. 

I  would  like  to  ask  about  the — and  why  I  stopped  you,  doctor,  is 
that  in  the  middle  of  your  statement,  to  have  you  repeat  that,  is 
that  you  believe  that  the  global  warming  and  greenhouse  effects 
basically  are  tied,  and  that  there  is  no  question  in  your  mind,  to 
human  activity? 

Dr.  Mahlman.  What  I  said,  Mr.  Chairman,  is  that  the  increasing 
greenhouse  gases,  particularly  carbon  dioxide  and 
chlorofluorocarbons  are  specifically  attributed  to  human  activities, 
was  my  specific  statement. 

Mr.  ROHRABACHER.  But  we  are  talking  about  global  warming  it- 
self being  a  product  specifically  of  human  activity.  That  is  what  I 
am  getting  at. 

Dr.  Mahlman.  Okay. 

Mr.  ROHRABACHER.  Is  that  your  position  that  if  there  is  global 
warming,  if  after,  if  in  the  end  people  can  agree  on  that,  which  is 
not  something  necessarily  we  agree  on,  an  assumption  we  agreed 
on  at  the  beginning  of  the  hearing,  but  we  will  see  about  at  the 
end  of  the  hearing,  but  you,  it  is  your  position  that  that  global 
warming  is  tied  directly  to  human  activity? 

Dr.  Mahlman.  My  position  is,  and  my  testimony  reflects  this,  sir, 
that  the  observed  warming  over  the  last  century  is  not  unambig- 
uously attributable  to  the  greenhouse  effect.  Okay?  There  are  alter- 
native explanations. 

My  opinion  is  that  there  are  virtually  no  credible  counter- 
hypotheses.  Natural  variability  is  often  assumed  or  asserted  to  ex- 
plain that.  But  there  are  some  significant  inconsistencies  in  that 
assertion. 
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So  I  cannot  say  with  absolute  certainty  that  the  observed  record 
is  a  reflection  of  greenhouse  warming  at  this  time. 

Mr.  ROHRABACHER.  Repeat  that  last  statement? 

Dr.  Mahlman.  I  cannot  say,  with  absolute  certainty,  that  the  ob- 
served temperature  change  over  the  last  century  is  ascribable  to 
human-caused  greenhouse  warming.  I  cannot  say  that. 

I  just  say  that  there  is  no  plausible  hypothesis  that  is  nearly  as 
credible. 

Mr.  ROHRABACHER.  So  you  are  saying  that  it  is  most  likely 
that 

Dr.  Mahlman.  Yes,  indeed. 

Mr.  ROHRABACHER.  When  you  have  novices  like  myself  looking  at 
different  arguments,  and  you  hear  someone  say,  well,  you  know, 
one  volcano,  and  I  will  give  some  volcano,  Mt.  whatever  it  is,  wher- 
ever it  is,  can  spit  this  much  into  the  air,  and  compared  to  what 
all  of  the  industries  of  the  earth  produced  in  the  last  ten  years — 
people  are  telling  this  all  the  time — that  there  are  these  natural 
causes  that  actually  far  outweigh  anything  that  we  have  done  in 
the  industrial  world  for  the  last  few  years. 

Should  I  just  discount  that  as  a  charge? 

Dr.  Mahlman.  Yes,  I  believe  you  should.  Science  is  not  a  game 
of  handwaving  or  a  game  of  debating  points;  science  is  a  game  of 
numbers.  And  the  problem  with  the  volcanic  type  explanation  is 
that  they  are  transient  things.  They  come,  they  blast  stuff  into  the 
atmosphere  and  it  causes  a  very  big  effect  for  a  few  years,  and  then 
it  gets  washed  out  and  goes  away.  Okay. 

So  I  can  think  of  none  of  those  natural  causes  that  are  nearly 
as  credible  as  the  argument  that  greenhouse  warming  is  producing 
the  observed  warming. 

We  do  indeed  argue  about  whether  or  not  this  is  completely  con- 
sistent with  what  the  models  are  predicting,  as  Dr.  Michaels  prop- 
erly points  out. 

Mr.  ROHRABACHER.  Dr.  Michaels,  could  you  comment  on  that? 

Dr.  Michaels.  Yes.  The  one  point  of  disagreement,  and  I  do  not 
think  it  is  particularly  large,  is  that  in  the  land-based  temperature 
record,  which  begins  in  the  late  19th  century,  that  record  begins 
in  a  very  cold  period  that  some  people  refer  to  as  the  end  of  the 
little  ice  age. 

And  so  when  we  look  at  the  temperature  history,  say  of  the 
northern  hemisphere  which  is  supposed  to  be  most  responsive  to 
greenhouse  gases,  you  see  a  warming  that  occurs  mainly  prior  to 
1940. 

And  then  actually  between  the  mid  thirties  and  now,  there  is  not 
that  much  net  warming.  That  early  warming  can  only  have  very 
little  to  do  with  the  greenhouse  enhancement,  while  the  last  warm- 
ing could  conceivably  be  that. 

Be  that  as  it  may,  Dr.  Mahlman  is  right.  It  is  not  a  game  of  de- 
bating points  and  it  is  a  game  of  numbers. 

And  let  us  discuss  those  numbers  for  15  seconds,  if  we  could. 

I  want  to  elaborate  upon  the  model  that  I  was  speaking  about 
and  about  the  old  models. 

The  model  that  best  tracked  the  past,  according  to  the  intergov- 
ernmental panel  on  climate  change,  is  the  model  that  only  has  1.3 
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degrees  of  warming  remaining  in  it  for  equilibrium  doubling.  That 
is  somewhere  around  the  year  2100. 

Now  we  might  make  the  argument  that  C02  is  going  to  continue 
to  go  up  and  up  and  up  and  up.  But  that  means  that  you  are  going 
to  forecast  the  energy  strategy  of  this  society  100  years  from  now. 

Imagine  if  you  would  have  made  the  forecast  100  years  ago.  You 
would  have  gotten  a  panel  of  top  scientists  and  they  would  have 
said,  "All  credible  scientists  agree  Washington  will  be  ten  feet  deep 
in  horse  chestnuts  by  the  year  1995."  And  that  would  have  been 
the  proper  science. 

If  you  had  a  visionary  that  said,  "No,  there  is  going  to  be  a  per- 
sonal transportation  system,  life  span's  going  to  double,  corn  yields 
are  going  to  go  up  by  a  factor  of  five."  You  would  have  said  that 
person  was  insane. 

But  that  is  the  game  that  we  are  playing  when  we  try  to  say 
what  is  going  to  happen  beyond  doubling  C02. 

Other  end  of  question;  it  is  a  game  of  numbers.  In  1992,  when 
the  Rio  Treaty  was  signed,  and  the  climate  models  did  not  have 
sulfate  aerosol  in  them,  I  believed  that  people  who  testified  in  front 
of  this  Congress  knew  that  the  error  was  as  large  as  it  was.  If  they 
did  not,  they  did  not  know  their  own  models. 

Why  was  that  not  told  to  this  Congress? 

Mr.  ROHRABACHER.  One  thing.  Could  you  go  through  the  impor- 
tance of  that  particular  thing  again,  because  I  am  not  sure  that  I 
fully  understand  the  importance  of  leaving  that  element. 

Dr.  Michaels.  There  was  a  change  between  1990  and  1992,  and 
the  nature  of  climate  modeling  in  general. 

In  1990,  to  save  on  computer  time,  the  climate  models  would 
what  we  call  "instantaneously"  double  their  greenhouse  effect.  In 
other  words  the  C02  in  the  model  atmosphere  would  be  down  here, 
and  then  would  go  like  this,  and  the  climate  would  respond  up  like 
this,  producing  an  average  warming  in  the  five  main  models  of  4.2 
degrees. 

That  is  unrealistic  because  C02  goes  up  gradually. 

And  for  the  1992  supplementary  update,  which  was  produced 
specifically  to  back  the  Rio  Treaty,  a  series  of  models  were  devel- 
oped in  which  the  C02  increased  gradually.  One  percent  per  year 
was  the  forcing  change  in  the  model. 

That  model  becomes  very  testable  against  reality.  And  when  you 
make  the  assumption  that  that  model  was  producing  the  correct 
temperature  when  the  greenhouse  effect  started  to  take  off — and  if 
you  do  not  make  that  assumption,  you  are  saying  it  does  not  work 
anyway — if  you  make  that  assumption  and  track  the  C02  increase 
in  the  model  versus  the  northern  hemisphere  temperature,  you  get 
a  difference  of  about  1.2  degrees  between  today's  temperature  and 
what  was  forecast. 

And  now,  in  the  latest  issue  of  Nature  Magazine,  J.F.B.  Mitchell 
says  the  very,  very  same  thing.  He  says  the  minimum  error  in  his 
current  model,  which  is  very  similar  to  the  one  that  based  the  U.N. 
report,  his  model  without  sulfates,  the  minimum  current  error  is 
1.3  degrees,  I  am  sorry,  the  minimum  warming  is  1.3  degrees  in 
the  model  and  the  maximum  is  2.3,  and  the  observed  value  is  0.5. 

Mr.  ROHRABACHER.  Over  a  period  of  what  time? 

Dr.  Michaels.  Between  1900  and  now. 
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So  that  he  is  saying  that  it  is  off  by  a  factor  of  between  2  and 
3.  Those  were  the  models  that  based  the  treaty. 

I  beheve  it  was  known  in  1992  that  that  error  was  there. 

Mr.  ROHRABACHER.  We  are  going  to  give  Dr.  Mahlman  a  chance 
to  say,  he  is  anxious  to  say  something,  and  then  we  will  go  on  to 
Mr.  Roemer's  questions. 

Dr.  Mahlman.  It  was  very  clear  that  the  first  full  coupled  models 
with  transient  scenarios  were  run  before  you  said  they  were.  But 
the  real  point  is  that,  yes,  it  was  realized  that  the  best  estimates 
for  models  did  disagree  with  the  observed  global  surface  mean  tem- 
perature increase. 

And  the  assertion  now  that  we  have  found  this  lower  sensitivity 
that  Dr.  Michaels  just  made  is  not  supportable  based  on  the  evi- 
dence, because  there  are  very  key  parts  to  the  climate  system  that 
have  not  been  quantified  in  that  argument,  including  the  affect  of 
sulfate  aerosols  that  he  quotes  and  the  affect  of  natural  variability. 

So  that  it  could  be  larger  than  that;  it  could  be  smaller  than 
that. 

I  have  been  betting  for  a  long  time  that  it  is  more  probable  that 
the  realized  warming  would  be  in  the  lower  half  of  the  predicted 
range,  and  have  said  so  publicly  for  a  long  time. 

Mr.  ROHRABACHER.  It  could  be  lower  than  that,  it  could  be  small- 
er than  that? 

Dr.  Mahlman.  Yes. 

Mr.  ROHRABACHER.  All  right. 

Mr.  Roemer? 

Mr.  RoEMER.  Thank  you,  Mr.  Chairman. 

Thank  you  gentlemen,  for  your  testimony. 

Dr.  Michaels,  despite  some  disagreement  on  interpretation  of 
models  sensitivity,  aerosol  effect,  and  so  forth,  I  would  gather  from 
your  testimony  that  you  still  would  be  a  strong  supporter  of  con- 
tinuing to  study  the  potential  effects  of  greenhouse? 

Dr.  Michaels.  Oh,  yes.  And  more  than  that,  I  have  written  very 
recently  in  a  public  venue,  and  I  may  get  thrown  out  of  this  room 
for  saying  this,  that  it  is  very,  very  important  that  we  continue  our 
efforts  to  monitor  the  planetary  temperature. 

If  we  lose,  I  say  that  because  I  believe  the  models  are  being,  that 
models  in  reality  are  converging  upon  a  low,  benign  warming.  Now 
if  we  do  not  maintain  the  check  data,  the  ground-based  network, 
those  satellite  MSUs,  boy,  those  are  really  important. 

Mr.  Roemer.  So  despite  some  disagreements  that  we  may  have 
in  the  scientific  community,  you  feel  that  this  Committee  should 
continue  to  put  the  money  and  the  research  materials  together  to 
study  this  problem. 

Right,  Dr.  Michaels? 

Dr.  Michaels.  I  believe  that  is  the  case.  But  that  does  not  mean 
that  you  do  everything  that  everybody  says. 

Mr.  Roemer.  So  let  me  give  you  some  examples. 

If  this  Committee  wouM  decide  to  cut  NASA,  the  PM  and  the  AM 
satelhtes,  if  they  wouk  cut  NOAA,  the  global  climate  program  by 
25  percent,  if  they  decided  to  cut  renewable  energy  resources  in  re- 
search by  40  to  50  percent,  totaling  about  50  percent  cut  in  these 
programs,  how  does  that  give  the  scientific  community,  whether 
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you  agree  or  disagree  on  the  overall  implications  of  the  models, 
how  does  that  give  the  scientific  community  the  ability  to  do  this? 

Dr.  Michaels.  You  are  pushing  me  out  of  my  area  of  expertise 
unfortunately. 

And  all  I  know,  when  I  do  not  know  something,  is  I  have  to  read 
the  fine  print.  I  have  not  seen  the  fine  print.  In  Washington,  there 
is  a  lot  of  fine  print  that  spends  a  lot  of  money. 

So  the  only  answer  I  can  give  to  you  is,  if  I  saw  the  fine  print, 
I  would  give  you  an  opinion,  which  would  not  be  a  professionally 
balanced  opinion. 

Mr.  ROHRABACHER.  The  fine  print  in  the  EPA,  if  I  could  add, 
talks  about  things  that  were  under  that — I  mean,  I  am  taking  a 
look  at  some  of  the  things  that  EPA's  money  for  global  climate  re- 
search, if  I  could,  Mr.  Roemer 

Mr.  Roemer.  As  long  as  this  is  not  taking  up  my  time. 

Mr.  ROHRABACHER.  This  is  not  taking  up  your  time. 

Just,  you  know,  I  am  taking  a  look  here  out  of  $111  million  con- 
tract for  global  climate  research  EPA,  and  their  account  was  used 
for  brochures,  posters,  program  logos,  design  for  product  awards, 
promotional  pens,  pencils,  buttons,  beinners,  displays,  billboards, 
bus  and  train  placards,  that  is  the  fine  print  that  you  are  talking 
about.  Dr.  Michaels. 

Go  right  ahead,  Mr.  Roemer. 

Mr.  Roemer.  Well,  Mr.  Chairman,  again,  rot  coming  out  of  my 
time  because  I  am  responding  to  your  question,  but 

[Laughter.] 

Mr.  Roemer.  [continuing]  — when  we  are  looking  at,  you  know, 
from  the  '95  levels,  we  are  looking  at  a  25  percent  cut  in  the  NASA 
budget  on  these  satellites,  23  percent  cut  in  NOAA,  17  percent  cut 
in  DOE  in  the  environmental  resources,  35  percent  cut  on  the  C02 
resources,  a  40  percent  cut  in  the  solar  and  renewable  resources, 
and  a  55  percent  cut  in  the  energy  and  conservation  resources. 

We  are  talking  a  little  bit  more  about  than  just  cutting  posters 
and  pens.  We  are  talking  about  cutting  out  satellites  that  Dr.  Mi- 
chaels says  are  important  to  study  this. 

Mr.  ROHRABACHER.  Well,  having  gone  through  the  budgets  and 
understanding  where  the  money's  coming  from,  I  remember  the  de- 
bate on  the  floor  that  we  had  in  which  promotional  and  commercial 
programs  in  the  solar  energy  program  were  labeled  "energy  re- 
search." And  promotional  activities  and  commercialization  have 
nothing  to  do  with  energy  research. 

And  this  Chairman  went  out  of  his  way  to  make  sure  that  that 
research  was  not  cut. 

But  go  right  ahead. 

Mr.  ROEMER.  Well,  let  me  ask  Dr.  Mahlman  if  you  think  this  is 
somehow  a  petty  program  or  something  that  does  things  that  are 
not  directly  related  to  the  kind  of  research  that  you  need  to  study 
this  problem. 

Are  you  familiar  with  the  computer  hardware,  the  advanced 
mathematics  and  model  physics  program  within  DOE  to  upgrade 
climate  models? 

Dr.  IMahlman.  Yes,  I  am.  I  am  a  participant,  in  fact. 

Mr.  ROEMER.  Are  those  the  kind  of  programs  that  you  know  are 
putting  out  posters  and  promotional  activities?  Or  are  these  things 
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that  are  helpful  in  terms  of  determining  if  and  to  what  degree  we 
have  a  problem? 

Dr.  Mahlman.  By  the  way,  I  am  a  non-funded  participant  in  that 
program,  working  collaboratively  with  them  on  mathematical  mod- 
eling techniques. 

I  am  an  employee  of  NOAA.  I  do  not  speak  for  NOAA  here  today. 
I  am  Chair  of  the  Mission  to  Planet  Earth  NASA  Scientific  Advi- 
sory Committee.  I  do  not  speak  for  NASA  here  today. 

I  do  speak  to  your  question  however. 

Mr.  ROEMER.  Who  do  you  speak  for? 

Dr.  Mahlman.  I  speak  for  Jerry  Mahlman.  Okay?  I  am  nobody's 
witness  but  mine.  Okay? 

I  strongly  concur  with  what  Patrick  Michaels  just  said  on  the 
value  of  the  long-term  climate  measuring  system.  It  is  in  my  testi- 
mony, both  verbal  and  recorded. 

The  simple  truth,  that  no  matter  what  we  feel  about  this,  what 
our  opinions  are,  that  the  check  for  theories  or  counter-theories  is 
in  the  data,  and  as  a  mathematical  modeler,  I  have  been  saying 
that  for  the  last  decade,  that  this  is  something  we  are  doing  badly. 

The  ability  to  do  that  has  decreased  in  this  most  recent  budget. 
Okay.  Money  for  certain  climate  activities  has  indeed  decreased, 
particularly  in  the  climate  &  global  change  program  in  NOAA  be- 
cause it  was  labeled  as  long-term  climate  research,  and  therefore 
inappropriate. 

I  expect  to  lose  money  in  working  in  my  laboratory  on  cloud  and 
radiation  research,  which  is  a  key  uncertainty,  and  aerosol  re- 
search directly  as  a  result  of  that  decision. 

Okay,  I  am  not  here  to  complain,  but  you  have  asked.  I  see  the 
effect  in  NASA  more  vicious  in  terms  of  the  ability  to  measure  and 
understand  the  climate  system.  It  is  a  real  effect;  it  is  not  politics, 
it  is  impacting  the  ability  to  do  good  science. 

Mr.  RoEMER.  And  let  me  ask  both  you  and  Dr.  Guerrero  on  this. 
On  a  scale  of  one  to  ten,  how  important  is  it  to  gather  more  data 
on  cloud  absorption  properties  and  then  secondly  on  aerosol. 

Mr.  Guerrero.  We  have  been  told  that  one  of  the  primary  intro- 
ductions of  uncertainty  into  the  current  modeling  is  the  limitations 
on  modeling  clouds,  so  I  would  rank  that  as  very  high. 

And  your  second  area  was? 

Mr.  RoEMER.  Cloud  absorption  properties  and  aerosols. 

Mr.  Guerrero.  And  aerosols.  I  would  pass  on  aerosols  to  Jerry. 

Dr.  Mahlman.  Both  of  the  measurements  are  absolutely  critical 
because  they  are  key  to  our  fundamental  understanding  of  what 
mother  nature  tells  us  about  what  our  theories  are  sa5ring.  Okay. 
That  is  the  classical  iteration  between  theory  and  observation;  and 
it  is  theories  that  state  how  you  hypothesize  and  address  a  prob- 
lem, but  it  is  the  data  that  keeps  you  honest. 

In  both  cases,  the  aerosol  effect  is  expected  to  be  a  cooling  offset 
that  we  do  not  understand  quantitatively  on  a  first-principles  basis. 
The  same  with  clouds.  I  think  that  both  sets  of  measurements  and 
the  brain  power  to  make  them  work  is  absolutely  and  fundamen- 
tally critical  and  a  very  high  leverage  opportunity. 

Mr.  ROEMER.  Thank  you. 
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Mr.  RoHRABACHER.  Mr.  Roemer,  if  you  would  like  one  more  ques- 
tion, because  I  was,  the  Chair  did  intrude  on  your  time,  so  if  you 
would  like  one  more  question,  please  feel  free. 

Mr.  Roemer.  I  am  fine,  Mr.  Chairman. 

Mr.  RoHRABACHER.  Okay.  There  is  a  vote  on.  There  is  unfortu- 
nately some  parliamentary  haggling  going  on  on  the  Floor  of  the 
House  of  Representatives 

[Laughter.] 

Mr.  ROHRABACHER.  [continuing]  — and  elsewhere  in  Washington. 

So  anyway,  this  Committee,  this  subcommittee  will  be  recessed 
until  after  this  vote,  and  the  witnesses,  you  can  be  sure  we  have 
a  lot  more  questions  to  ask. 

[Recess.] 

Mr.  ROHRABACHER.  Ladies  and  gentlemen,  I  call  this  subcommit- 
tee back  into  order.  It  seems  we  generated  at  least  some  heat  in 
the  initial  part  of  the  discussion,  I  do  not  know  if  it  has  anj^hing 
to  do  with  warming  or  not. 

But  we  do  have  with  us  today  my  esteemed  colleague  who  actu- 
ally has  a  better  understanding  of  almost  every  one  of  these  issues 
than  I  do.  And  he  is  one  of  the  few  Members  of  Congress  who  is 
a  scientist,  and  I  am  a  journalist  by  profession,  which  puts  me  one 
step  above  a  lawyer,  being  a  lawyer. 

But  we  have  a  scientist  with  us  today  who  has,  as  I  say,  a  deeper 
understanding.  And  I  would  like  to  call  on  my  colleague,  Mr.  Bart- 
lett,  from  Maryland,  for  his  period  of  questioning. 

Mr.  Bartlett.  Thank  you  very  much. 

I  will  say,  at  the  outset,  that  I  come  with  no  preconceptions.  And 
let  me  tell  you  why.  As  a  child  I  was,  and  am  still  fascinated  by 
several  observations. 

One,  I  remember  as  a  little  boy,  breaking  lumps  of  coal  in  our 
basement  and  just  being  fascinated  when  it  broke  open  and  there 
was  what  looked  like  a  large  fern  leaf  to  me.  And  so  I  knew  that 
at  one  time,  the  chilly,  western  Pennsylvania  had  a  very  different 
climate,  because  that  is  where  the  coal  came  from. 

I  also  remember  the  interesting  stories  of  the  discovery  of 
mammoths  in  the  tundra,  frozen  with  subtropical  vegetation  in 
their  stomachs. 

I  remember  observing  the  lateral  moraines  produced  by  an  Ice 
Age  that  came  as  far  south  as  southeastern  Ohio.  I  remember  see- 
ing the  petrified  forest  in  the  western  part  of  our  country. 

All  of  these,  of  course,  are  testimony  to  enormous  climate 
changes  in  the  past,  climate  changes  which  presumably  were  not 
much,  if  at  all,  affected  by  the  activities  of  man. 

Now  more  recently,  I  am  fascinated  by  the  discussions  that  we 
have.  On  the  one  hand,  we  are  told  that  the  greenhouse  effect  of 
carbon  dioxide  and  other  so-called  greenhouse  gases  are  going  to 
raise  the  temperature  of  our  planet. 

Then  there  is  the  somewhat  complicating  effect  of  the  sulfur 
aerosols,  and  I  remember  the  considerable  discussion  led  by  people 
of  some  renown,  like  Dr.  Carl  Sagan,  who  indicated  that  he  antici- 
pated a  nuclear  winter  from  the  pollutants  that  were  produced  by 
nuclear  exchange  in  a  country. 

So  on  the  one  hand,  we  have  people  saying  that  pollution  is  going 
to  produce  global  warming.  On  the  other  hand,  we  have  people  say- 
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ing  that  pollution  is  going  to  produce  global  cooling,  a  nuclear  win- 
ter; that  large  percentages  of  our  people  around  the  globe  would 
starve  as  a  result  of  this  nuclear  winter. 

Something  happens  like  Mt.  Pinatubo,  and  there  is  a  noticeable, 
although  short-term,  drop  in  temperatures  as  a  result  of  this. 

I  guess  that  where  I  come  down  on  all  of  this  is  that  I  think  back 
at  an  observation  that  Abraham  Lincoln  made,  that  the  govern- 
ment ought  to  do  for  its  citizens  only  what  they  cannot  do  for  them- 
selves. 

And  I  think  that  collecting  data  about  the  future  of  our  climate, 
putting  up  the  satellites,  I  think  this  is  something  that  reasonably 
government  ought  to  be  involved  in.  There  are  a  whole  lot  of  things 
we  are  involved  in  that  I  think  do  not  stand  the  test  that  Abe  Lin- 
coln gave  us,  that  we  should  only  do  for  our  citizens  what  they  can- 
not do  for  themselves. 

I  am  concerned  in  looking  to  the  future.  We  have  an  uncertain 
fossil  fuel  future.  It  is  not  forever.  And  I  am  not  sure  that  it  is  for 
even  the  foreseeable  future. 

You  know,  I  think  that  in  the  generation  of  my  children,  we  may 
see  problems  with  the  availability  of  high  quality,  readily  available 
fossil  fuels. 

I  am  concerned  that  we  are  not  focusing,  I  think  adequately,  on 
alternative  energy  sources,  on  renewable  energy  sources,  and  on 
conservation. 

It  is  unclear  to  me  what  the  proper  role  of  government  is.  I  guess 
I  have  but  a  single  question. 

And  that  is,  that  from  my  perspective  we  are  kind  of  standing 
on  the  threshold,  both  politically  and  scientifically,  of  these  ques- 
tions. And  that  there  is  a  whole  lot  more  that  we  do  not  know  than 
that  we  do  know. 

Just  look  at  these  contrasting  views  of  where  we  are  going  as  a 
planet.  Either  we  are  going  to  get  very  warm  or  we  are  going  to 
get  very  cold  as  a  result  of  various  types  of  pollutants. 

I  am  just  wondering  if  you  would  agree  that  we  are  kind  of  at 
the  threshold  in  both  of  these  areas,  the  policy  areas  and  the  sci- 
entific research  areas,  and  that  the  kind  of  debate  that  we  are  hav- 
ing today,  and  it  ought  to  be  lively  debate  and  it  ought  to  be  on- 
going is  a  very  healthy  thing,  so  that  more  attention  will  be  drawn 
to  it,  and  that  we  will  understand  better  what  the  potentials  are 
for  both  policy  decisions  that  will  help  us,  and  for  contributions 
that  the  federal  government  might  make  that  would  provide  more 
and  better  research,  so  that  we  can  have  perhaps  a  little  more  con- 
trol of  our  future. 

You  are  all  nodding  your  heads  yes,  that 

Dr.  Michaels.  Is  that  a  question? 

I  think  we  are  on  a  threshold,  and  I  suspect  that  when  you  look 
at  even — not  even,  sorry — Dr.  Mahlman's  agreement  that  warming 
can  be  a  lower  level  of  the  projections  and  models  attract  the  past 
best  producing  not  that  much  future  warming,  seeing  a  lot  of  it  at 
night  and  in  winter  rather  than  the  summer. 

There  has  been  no  significant  change  in  the — in  fact,  it  is  been 
a  significant  decline — sorry — in  the  intensity  of  Atlantic  hurricanes 
over  the  last  50  years,  regardless  of  what  the  insurance  agency 
says.  I  know  they  like  to  raise  rates. 
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We  are  in  a  threshold  and  a  threshold  I  think  is  that  we  are 
going  to  approach  a  new  paradigm  of  a  new  view  of  the  world, 
which  is  going  to  change  from  fragile  earth,  meaning  if  you  do  one 
little  thing,  there  are  tremendous  ecological  consequences,  more  to 
the  concept  that  the  earth  is  more  resilient  than  we  had  once 
feared  it  might  not  be. 

Dr.  Mahlman.  I  would  ojfifer  a  different  perspective. 

I  think  that  the  question  you  raise  is  important  and  appro- 
priately agonized.  How  does  society  respond? 

I  said  in  my  testimony  that  I  did  not  think  it  is  appropriate  for 
climate  scientists  to  offer  political  or  sociological  opinions  on  what 
the  solutions  should  be.  But  I  do  feel  it  is  appropriate  for  climate 
scientists,  such  as  myself,  to  speak  to  what  the  problem  is. 

The  problem  is  that  global  warming  is  something  that  is  a  harsh 
and  inexorable  reality.  We  do  not  know,  quite  sure,  whether  it  is 
at  the  lower  end  or  the  upper  end  of  the  range. 

Pat  Michaels'  arguments  do  not  resolve  that  debate,  by  the  way. 

But  we  do  know  that  it  takes  a  long  time  to  build  up  carbon  diox- 
ide to  levels  that  are  high  enough  to  be  scary.  But  we  also  know 
that  if  we  do  not  like  those  numbers,  it  takes  a  very,  very  long  time 
for  them  to  go  away. 

So  it  focuses  the  debate  a  little  differently  than  you  posed  it,  but 
I  think  very  consistent  with  the  tone  of  your  question. 

And  that  it  seems  reasonable  to  me,  as  a  public  citizen,  that  this 
issue  has  many  aspects  of  it  that  are  genuinely  deserving  of  legiti- 
mate concern  but  is  fraught  with  complexities,  not  just  on  a  climate 
side  but  on  the  impact  side,  which  we  will  hear  from  the  next 
panel,  and  on  the  social  side. 

And  so,  as  a  climate  scientist,  I  can  say  that  the  problem  is  dif- 
ficult, uncertainties  are  significant,  the  cost  of  doing  something 
about  it,  particularly  if  you  grew  up  in  a  coal  producing  part  of  the 
country,  is  very,  very  large.  You  know,  to  change  the  way  we  do 
business  has  enormous  global  and  political  consequences. 

The  other  side  of  the  same  coin,  however,  is  that  the  cost  of  not 
doing  something  about  it  may  be  prodigious  in  the  sense  that  the 
problem  may  last  for  hundreds  to  maybe  even  a  thousand  years. 

And  so  that  is  the  difficulty  of  the  debate.  There  is  no  soft  land- 
ing spot  independent  of  one's  rhetoric  or  one's  political  position. 

Mr.  Guerrero.  I  would  like  to  make  two  observations,  one  on 
the  notion  of — are  we  at  a  threshold,  and  I  would  like  to  suggest 
that  our  understanding  will  continue  to  improve.  Our  ability  to 
model  will  continue  to  improve,  but  despite  those  improvements, 
we  will  never  have  a  hundred  percent  certainty  in  this  area.  The 
models  will  never  produce  that. 

Even  if  the  scientists  at  this  table  today  completely  understood 
the  physical  processes  that  they  are  modeling  and  completely  un- 
derstood the  climate  systems,  we  would  still  need  to  make  assump- 
tions regarding  emission  rates,  population  growth,  technology  de- 
velopment. 

And  that  there  is  a  large  degree  of  uncertainty  associated  with 
making  those  assumptions. 

In  effect  then,  what  we  are  doing  is  we  are  trying  to  model  a  fu- 
ture climate  based  on  a  set  of  physical  elements,  some  of  which  are 
known  well,  and  some  of  which  we  need  to  study  further,  and  a  set 
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of  economic  assumptions  and  sociological  assumptions  which  we 
can  only  guess  at. 

But  that  the  models  themselves  and  the  estimates  that  are  pro- 
duced, the  range  does  reflect  the  uncertainty  in  both  of  those  areas. 
And  that  when  the  modelers  try  to  estimate  impacts  on  future  cli- 
mates, they  take  that  uncertainty  into  effect.  And  when  you  have 
a  temperature  range  expressed,  it  involves  some  sensitivity  of  what 
if  those  assumptions  come  in  at  this  end  and  what  if  they  come  in 
at  that  end,  and  that  range  does  embody  that. 

Now  hopefully  over  time,  we  will  see  is  that  range  becoming 
more  narrow  as  we  gain  further  knowledge  and  information,  but 
there  is  still  a  large  degree  of  uncertainty  that  will  always  be 
there,  and  that  you  gentlemen  will  always  have  to  face  regarding 
the  socioeconomic  assumptions  that  inevitably  have  to  be  made. 

Mr.  ROHRABACHER.  Mr.  Bartlett,  you  get  to  have  one  more  ques- 
tion. 

Mr.  Bartlett.  Thank  you  very  much. 

It  is  not  really  a  question,  more  a  comment. 

If  you  disagree  with  me,  disagree.  I  think  you  probably  will  not. 

I  think  that  we  are  faced  with  exciting  challenges  and  questions, 
because  I  think  at  this  time  our  ignorance  far  exceeds  our  knowl- 
edge and  understanding.  And  that  is  an  exciting  place  to  be  in 
science  because  there  is  a  whole,  long  journey  that  you  can  take. 

Dr.  Michaels.  If  I  would  respond  to  that,  I  always  tell  students 
in  my  classes  that  whatever  you  think  of  this  issue,  it  will  allow 
you  to  see  fascinating  visions,  not  only  of  science  but  about  the  way 
that  science  works  in  society. 

And  that  is  one  positive  benefit  that  is  going  to  come  out  of  this 
thing  over  the  next  decades, 

Mr.  Bartlett.  I  remember  when  I  was  working  on  my  doctorate, 
I  came  in  one  morning  and  my  major  professor  asked  me,  well  Ros- 
coe,  what  do  you  know  today?  I  said,  well,  I  do  not  know  very 
much.  He  said,  well  we  can  probably  give  you  a  PhD  then. 

[Laughter.] 

Mr.  Guerrero.  Well,  I  have  to  say  that  I  got  a  PhD  today  and 
I  do  not  have  one,  so  I  must  know  absolutely  nothing. 

[Laughter.] 

Mr.  ROHRABACHER.  Thank  you,  Mr.  Guerrero. 

We  will  be  calling  on  people  to  question  in  relationship  to  when 
they  actually  came  in,  rather  than  going  back  and  forth,  because 
some  of  our  Members  came  in  early,  and  I  think  so  we  are  going 
to  go  in  that  way  if  that  is  all  right. 

Mr.  Baker? 

Mr.  Baker.  Mr.  Ehlers  was  here  first. 

Mr.  ROHRABACHER.  Mr.  Ehlers? 

Mr.  Baker.  I  will  be  very  brief. 

In  California,  where  the  climate  is  always  beautiful,  we  foimd 
that  after  seven  years  of  drought,  we  not  only  have  to  learn  more 
about  climate  and  how  it  changes,  but  also  how  to  make  better  use 
of  our  resources,  and  that  includes  water  resources. 

So  the  reform  we  are  going  to  have  in  Congress  here  is  how  we 
allow  humanoids  to  live  on  the  earth  without  destroying  its  envi- 
ronment. And  the  word  environment  to  me  means  balance. 
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And  so  we  have  to  find  that  balance  between  what  we  need  to 
do,  including  building  a  dam  if  that  is  necessary  to  save  water,  or 
taking  down  a  dead  tree.  But  we  are  not  going  to  do  it  capriciously, 
and  we  are  not  going  to  do  what  my  fellows  on  the  other  side  of 
the  aisle  did,  and  ladies,  and  that  is  make  determinations  before 
we  study.  At  least  I  would  hope  we  would  not. 

We  put  out  the  Clean  Water  Act  and  we  just  put  a  statement  in 
there.  We  are  going  to  abolish  chlorine.  Well,  the  bubonic  plague 
took  a  great  jump  and  everybody  else  was  happy,  but  without 
studying  it,  do  we  really  want  to  do  that? 

And  so  of  course  we  pulled  that  out  of  the  bill,  after  much  wran- 
gling, unnecessary  wrangling,  and  now  we  will  study  what  are  the 
effects  and  the  cumulative  effects  of  chlorine,  where  should  it  be 
used,  where  can  it  be  used  safely,  all  for  the  questions  that  science 
would  have  asked  before  something  stupid  like  that  was  placed  in 
a  major  piece  of  legislation. 

So  I  really  appreciate  your  being  here  regardless  of  what  your 
position  is,  and  I  am  happy  that  you  are  going  to  work  with  us  to 
help  us  understand  better  how  we  achieve  the  balance  and  how  we 
base  it  not  on  politics  or  the  next  cheap  shot  mailer  or  who  is  going 
to  gut  the  clean  water  act.  But  how  can  we  allow  humans  to  live 
better  on  this  earth  and  actually  improve  our  environment. 

So  I  am  thrilled  to  be  here  to  listen  to  you,  and  I  apologize  for 
being  in  Transportation  Committee  markup.  We  had  four  bills  go 
out  of  there  in  the  middle  of  your  testimony.  And  I  apologize,  I  will 
be  here  from  now  on,  Mr.  Chairman,  because  I  would  not  miss  an 
exciting,  thrilling  second  of  this. 

But  I  appreciate  your  listening  through  our  wrangling  and  you 
are  here  at  one  of  the  most  partisan  times  you  could  be  here.  But 
it  is  important  we  listen  to  you,  regardless  of  whether  you  are  the 
most  green  person  in  the  world,  or  whether  you  have  got  a  chain 
saw  in  your  hand,  we  want  to  hear  your  viewpoints,  and  what  we 
can  do  to  better  make  this  world  a  place  for  not  only  us,  but  for 
the  future  generations  that  are  going  to  enjoy  the  environment  that 
we  have  left. 

Mr.  ROHRABACHER.  We  are  also  lucky  to  have,  and  I  am  sorry, 
Mr.  Ehlers,  if  you  had  actually  arrived  here  before  Mr.  Baker.  My 
staff  did  not  note  that. 

We  have  our  second,  one  of  the  other  few  scientists  in  this  body 
with  us  today,  and  I  deeply  appreciate  his  contributions  to  this  sub- 
committee and  to  our  overall  effort. 

Mr.  Ehlers? 

Mr.  Ehlers.  Thank  you,  Mr.  Chairman. 

First,  a  quick  question  for  Dr.  Michaels,  which  I  hope  will  get  a 
quick  answer  because  I  have  a  much  broader  question  to  ask  of  ev- 
eryone. 

In  your  testimony  is  the  statement  that  critical  scientists  are  still 
being  denied  data,  what  data  are  you  being  denied  and  by  whom 
are  you  being  denied? 

Dr.  Michaels.  It  was  the  transient  grid  cell  output  of  the  UKMO 
coupled  sulfate  greenhouse  model.  I  was  of  the  opinion,  when  I  was 
reviewing  the  draft  of  the  1995  intergovernmental  panel  on  climate 
change,  that  that  model  was  making  an  error  in  the  high  latitudes 
that  was  similar  to  other  climate  models  that  did  not  have  the  cool- 
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ing  effect  of  sulfates.  This  is  a  generic  error  that  has  plagued  this 
problem  for  a  very  long,  long,  long  time. 

And  the  only  way  that  I  could  ascertain  whether  that  was  true 
was  to  have  the  actual  output  of  the  model  sent  to  me  by  the  inter- 
governmental panel  on  climate  change.  I  requested  it  and  was  de- 
nied, and  I  requested  it  repeatedly  and  they  said,  no,  we  think  it 
is  inappropriate. 

That  is  fine.  That  is  their  opinion. 

But  how  can  one  conduct  a  review  process  of  a  document  so  im- 
portant to  global  policy  if  one  cannot  see  the  laboratory  book? 

The  main  rule  of  science  is,  "I  trust  you."  "I  trust  you,  but  can 
I  see  your  laboratory  notes."  And  in  this  case,  that  was  not  forth- 
coming. 

Mr.  Ehlers.  You  mentioned  you  were  interested  in  getting  the 
model  output,  but  that  is  not  really  data.  You  know,  that  is  already 
been  massaged. 

Dr.  Michaels.  No. 

Mr.  Ehlers.  Was  that  sufficient  for  your  needs,  or? 

Dr.  Michaels.  The  model  output  would  have  been  fine,  it  would 
have  been  fine. 

Mr.  Ehlers.  And  the  panel  is  the  one  who  denied  that? 

Dr.  Michaels.  I  requested  Dr.  Mitchell  from  the  UKMO.  He  de- 
nied it.  He  was  one  of  the  senior  authors  on  the  chapter  that  I  was 
reviewing. 

Mr.  Ehlers.  This  was  not  published  material  then? 

Dr.  Michaels.  It  was,  the  initial  denial  said,  "Well,  we  are  going 
to  be  publishing  this,"  and  I  knew  they  were  and  that  it  would  be 
published  long  before  the  IPCC  report  would  be  out.  So  that  was 
not  a  germane  reason  for  refusal.  And  in  fact  it  was  published  on 
August  10th. 

Mr.  ROEMER.  Would  the  gentleman  from  Michigan  yield? 

Mr.  Ehlers.  I  am  reluctant  to  yield,  even  though  I 

Mr.  Roemer.  Well,  we  had  a  number  of  colloquys  within  mem- 
bers'  

Mr.  ROHRABACHER.  I  will  be  very  happy  to  grant  you  an  extra 
minute  if 

Mr.  Ehlers.  All  right,  fine. 

Mr.  Roemer.  I  would  just  say  that  I  find  it  difficult  to  under- 
stand why  the  United  States  Congress  and  this  Committee  would 
have  jurisdiction  over  your  request  to  get  information  from  the 
United  Kingdom. 

Dr.  Michaels.  The  IPCC  is  funded  by  the  taxpayers  of  the  Unit- 
ed States. 

Mr.  Roemer.  Well,  I  would  still  say  that  that  is  not  a  problem 
that  we  have  to  deal  with — your  quarrel  with  the  United  Kingdom 
and  their  particular  findings. 

Dr.  Michaels.  The  charge  that  I  was  given  by  this  Committee 
was  to  look  at  the  science  and  the  science  basis  for  policy.  One  of 
the  bases  of  science  is  open,  open  peer  review,  particularly  of  a  doc- 
ument that  is  this  important. 

So  therefore  you  need  to  know  this. 

Mr.  Roemer.  I  would  say  again 

Mr.  Ehlers.  All  right,  if  I  may  reclaim  my  time. 

Mr.  Roemer.  [continuing]  — this  is  not  our  fight. 
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Mr.  Ehlers.  Reclaiming  my  time. 

Dr.  Michaels.  And  obviously  the  American  taxpayers'  dollars  are 
involved.  It  does  concern  all  of  us. 

If  it  is  financed  by  America  tax  dollars,  it  certainly  does. 

Mr.  ROHRABACHER.  Mr.  Ehlers? 

Mr.  Ehlers.  Thank  you. 

The  much  broader  question  is  addressed  to  all  three  of  you,  and 
that  is,  first  of  all,  just  a  comment. 

Historically  there  have  been  substantial  fluctuations  in  climate. 
I  come  from  the  State  of  Michigan,  which  was  under  more  than  a 
thousand  feet  of  ice,  a  mere  ten  thousand  years  ago.  And  that  oc- 
curred without  global  warming  or  global  cooling  of  the  sort  we  are 
talking  about  here. 

It  seems  to  me  that  your  entire  emphasis  has  been  in  talking 
about  temperature  change,  and  I  am  interested  in  what  other  cli- 
mate changes  are  being  looked  at  or  that  you  have  looked  at. 

For  example,  the  real  issue  is,  if  the  greenhouse  gases  are  there, 
and  I  think  there  is  substantial  evidence  that  they  are  there,  we 
are  dumping  a  lot  of  energy  into  the  atmosphere,  actually  into  the 
earth's  atmosphere  system. 

What  other  effects  are  rising  from  that,  other  than  temperature 
effects? 

You  may  well  have  very  dramatic  climatic  changes  without  much 
of  a  temperature  change,  largely  because  there  is  so  much  energy 
stored  in  phase  changes  between  the  solid  and  liquid,  and  liquid 
and  vapor  phases. 

Are  you  looking  at,  or  are  others  looking  at  issues  relating  to 
that,  such  as  the  increased  amount  of  water  vapor  in  the  air? 
Which  can  have  a  dramatic  impact  without  a  great  deal  of  tem- 
perature change. 

How  is  that  factored  into  the  models? 

What  validity  does  that  have? 

How  does  that  affect  the  temperature  changes  you  are  referring 
to? 

How  does  it  affect  the  weather  intensity,  particularly  bad  weath- 
er intensity  across  the  globe,  and  so  forth? 

Dr.  Mahlman.  I  will  try  to  speak  to  that  from  the  perspective  of 
what  the  models  are  attempting  to  achieve. 

A  mathematical  model  of  the  atmosphere  is  a  self-consistent  so- 
lution of  the  equations  that  you  know;  force  equals  mass  times  ac- 
celeration, the  first  law  of  thermodynamics  and  conservation  of 
matter  are  basically  the  equations  that  we  know,  and  solve  for  the 
case  of  earth. 

And  so  we  do  not  predict  just  temperature,  we  predict  wind,  we 
predict  precipitation,  we  predict  clouds,  we  predict  circulation  of 
the  ocean,  we  predict  the  state  of  sea  ice. 

All  of  these  things  are  output  variables  of  the  model. 

And  so  there  are  various  aspects  of  model  predictions  that  are  re- 
lated to  the  other  variables  that  have  their  own  degrees  of  uncer- 
tainty associated  with  them. 

For  example,  the  prediction  that  water  vapor  amounts  will  in- 
crease in  a  way  that  is  self-consistent  with  the  temperature  in- 
crease amounts  is  a  very  strong  prediction. 
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The  prediction  of  whether  or  not  we  will  get  more  rain  in  Wash- 
ington, D.C.  area  is  a  very  shaky  prediction  because  it  demands  a 
lot  of  local  physics,  if  you  will. 

The  prediction  of  changed  circulation  of  the  ocean  is  one  that  is 
a  robust  result  of  the  prediction  of  greater  rainfall  in  higher  lati- 
tudes some  hundred  years  from  now. 

The  question  is,  does  mother  nature  know  about  this  or  not? 
That  is  the  thing  we  grapple  about.  Where  are  the  models  wrong? 
Where  are  our  physics  wrong?  Where  are  our  theories  wrong?  And 
we  use  data  to  try  to  make  that — keep  us  honest,  if  you  will. 

There  are  lots  of  statements  being  made  about  increasing  num- 
bers and  intensities  of  storms,  for  example.  Insurance  companies 
are  very  concerned. 

My  own  opinion  is  that  the  scientific  jury  is  still  out  on  that. 
That  there  are  a  number  of  complexities  and  confounding  factors 
that  make  it  difficult  to  state  there  will  be  more  intense  storms  or 
there  will  not  be  more  intense  storms. 

And  that,  your  question  helps  me  define  for  you  the  struggle  we 
have  to  try  to  define  what  we  know  and  what  we  do  not  know,  and 
how  to  communicate  that  to  you  in  a  way  that  is  comprehensible. 

Mr.  ROHRABACHER.  Mr.  Ehlers,  you  have  time  for  one  more  ques- 
tion. Actually,  you  have  gone  over  the  time,  but  any  last  question 
you  would  like  to  ask. 

Mr.  Ehlers.  I  wanted  to  ask  a  question.  Let  me  just  make  a 
statement,  and  you  can  respond  to  that. 

It  seems  to  me  that  some  of  these  other  effects  are  going  to  be 
much  more  worrisome  to  us  than  the  temperature  change;  now  I 
recognize  they  are  interrelated. 

But  the  water  vapor  change,  for  example,  can  have  a  dramatic 
effect  on  rainfall  patterns.  The  beautiful  weather  in  California 
might  in  fact  become  midwestern  tj^je  weather,  and  you  might  ac- 
tually have  a  green  state,  whereas  other  areas  that  are  currently 
fertile  might  turn  into  deserts,  as  North  Africa  has  done. 

And  I  think  it  is,  my  comment  is  I  think  it  is  a  mistake  for  every- 
one to  talk  simply  about  global  warming,  and  discuss  it  in  terms 
of  that  being  the  problem.  I  am  much  more  concerned  about  the  cli- 
mate change  that  can  occur  and  the  effect  that  has  on  people  and 
their  ability  to  have  enough  food  to  eat  and  so  forth. 

Dr.  Mahlman.  Could  I  very  quickly  respond? 

This  is  what  the  IPCC  process  attempts  to  do. 

That  it  is  well  more  than  global  warming,  that  global  warming 
is  the  paradigm  by  which  we  address  the  problem  because  that  is 
what  is  being  forced. 

And  much  of  the  impact  side  will  be  discussed  in  panel  number 
two  today,  I  believe. 

But  there  is  a  fundamental  truth  that  I  believe  you  need  to  un- 
derstand: is  that  the  things  we  are  very  highly  confident  about  are 
not  as  useful  for  impact  assessment  as  those  things  that  we  are 
less  confident  about. 

That  is  a  truth  that  is  going  to  remain  with  us  for  awhile. 

Mr.  ROHRABACHER.  Thank  you. 

Dr.  Guerrero,  did  you  have 

Mr.  Guerrero.  I  would  completely  concur  with  that  remark. 

Mr.  ROHRABACHER.  Thank  you  very  much. 
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Mr.  Ehlers.  Thank  you,  Mr.  Chairman. 

Mr.  ROHRABACHER.  Thank  you,  Mr.  Ehlers. 

And  now  we  will  have,  Ms.  Rivers  will  be  able  to  ask  whatever 
questions  she  would  like  and  you  have  your  five  minutes,  Ms.  Riv- 
ers. 

Ms.  Rivers.  Thank  you. 

I  guess  I  want  to  start  out  by  putting  my  own  biases  on  the  table 
because  in  my  district,  I  have  a  large  scientific  community  in  the 
west  side  of  the  district  that  may  have  views  on  this  that  probably 
will  differ  from  people  on  the  east  side  of  my  district  where  there 
are  16  automobile  plants,  and  they  are  very  concerned  about  pos- 
sible outcomes. 

So  my  desire,  in  this  debate,  and  in  ultimate  decisions  of  this 
body,  is  to  make  sure  we  are  moving  forward  to  understanding  this 
situation  and  making  reasonable  policy  decisions.  So  I  do  not  have 
a  particular  interest  in  a  particular  outcome. 

One  of  things  I  wanted  to  ask  Mr.  Guerrero,  you  know,  we  may 
not  all  of  us  here  understand  the  first  law  of  thermodynamics,  but 
thanks  to  polling  that  we  use  regularly,  we  understand  the  idea  of 
plus  or  minus  so  many  percents. 

And  it  is  interesting  to  me  that  often  times  in  this  area,  when 
uncertainties  get  discussed,  they  get  discussed  in  only  one  direc- 
tion. That  any  uncertainty  must  be  resolved  in  the  direction  that 
we  are  projecting  too  much. 

Is  there  any  possibility  that  the  uncertainties  can  be  resolved  in 
the  opposite  direction,  that  we  may  be  projecting  too  little  change 
or  too  few  consequences? 

Dr.  Mahlman.  May  I  speak  to  that? 

Ms.  Rivers.  Please. 

Dr.  Mahlman.  I  think  the  question  you  have  raised  is  absolutely 
fundamental,  and  that  as  a  person  who  is  interested  in  how  mother 
nature  works,  rather  than  to  make  a  political  point  of  one  kind  or 
another,  I  do  not  care  which  way  our  knowledge  is  uncertain.  I  am 
trying  to  find  out  what  the  truth  is.  Okay? 

And  when  you  have  made  your  best  estimate  of  the  way  things 
are,  it  automatically  says  that  you  do  not  know  whether  you  are 
wrong  on  the  high  side  or  the  low  side. 

There  are  many,  many  examples  of  both  kinds  of  uncertainties 
giving  a  lower  number  than  you  expected  or  a  higher  number  than 
you  expected.  Okay? 

And  I  would  say  uncertainty  knows  no  politics,  it  just  is. 

Ms.  Rivers.  Thank  you. 

Mr.  Guerrero.  To  reply  to  your  question,  I  would  say  that  that 
degree  of  uncertainty  is  expressed  in  the  range.  When  scientists 
talk  about  a  global  surface  temperature  range  by  the  year  2050  of 
one  to  3.5  degrees  Fahrenheit  embodied  in  that  range  is  the  sense 
that  it  could  be  on  this  side,  it  could  be  on  the  low  side  or  on  the 
high  side. 

And  fundamentally  what  affects  that  are  key  assumptions  such 
as  our  inability  to  model  successfully  cloud  formation  and  cloud 
feedback  processes  which  influence  a  lot  of  that  range. 

Ms.  Rivers.  Okay.  You  raised  concerns,  Mr.  Guerrero,  in  the  dif- 
ficulty of  the  computer  models  or  the  difficulty,  given  our  level  of 
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ignorance,  we  are  trying  to  create  these  models,  and  I  understand 
that  frustration  and  I  see  it  across  all  of  the  literature. 

The  question  that  I  have  is,  if  we  continue,  is  there  an  expecta- 
tion that  the  models  will  get  better  over  time?  In  other  words,  if 
we  maintain  the  research,  are  we  likely  to  just  stay  stagnant  or  are 
we  likely  to  improve  our  ability  to  do  the  forecasting? 

Mr.  Guerrero.  There  is  no  doubt  that  as  we  continue  to  learn 
more  about  climate  systems  processes  and  to  increase  our  computer 
capacity,  we  will  be  able  to  have  a  better  predictive  capability. 

Ms.  Rivers.  And  if  we  make  funding  changes  so  that  there  is  less 
opportunity  to  do  the  modeling,  less  opportunity  to  do  the  research, 
will  that  move  us  forward  in  terms  of  our  understanding  or  produc- 
tion of  efficient  models? 

Mr.  Guerrero.  I  do  not  want  to  get  into  a  debate  over  how  much 
to  fund  these  activities.  I  would  simply  observe  that  there  are  some 
of  those  activities  that  are  more  critical  than  others. 

And  what  I  would  say  is  important,  however.  Much  resources  are 
allocated  to  funding,  that  they  be  allocated  to  the  areas  where 
there  is  the  highest  potential  payback  in  resolving  the  current  un- 
certainties. 

Ms.  Rivers.  Dr.  Mahlman,  I  have  a  question  I  made  in  my  notes 
last  night  when  I  was  reading  my  materials.  The  whole  issue  of 
aerosols  and  the  impact  they  play,  aerosols  are  sulfur  dioxide, 
right? 

Dr.  Mahlman.  Yes. 

Ms.  Rivers.  So  talk  to  me  a  little,  I  mean,  it  is  presented  as — 
here  is  an  antidote  to  what  is  happening  sometimes  is  the  aerosol. 

My  question  is,  both  sulfur  dioxide  and  C02  have  effects  in  our 
atmosphere,  what  is  their  comparative  life  span  in  the  atmosphere? 

Dr.  Mahlman.  Okay,  I  would  be  pleased  to  speak  to  that. 

First,  the  presence  of  sulfate  aerosols,  which  are  caused  by  oxi- 
dizing of  sulfur  dioxide,  do  exert  a  cooling  effect  on  the  planet.  We 
do  not  know  how  much.  That  is  a  very  important  point. 

This  is  the  point  I  disagreed  with  Dr.  Michaels  in  that  I  think 
we  do  not  know  how  to  quantify  that  very  well. 

But  what  we  do  know  is  that  the  sulfate  aerosols  are  a  result  of 
sulfur  being  released  from  burning  of  fossil  fuels.  Okay? 

Now  the  thing  that  makes  this  interesting  is  that  if  you  are  look- 
ing at  today's  record,  sulfate  aerosols  are  producing  a  cooling  offset. 
And  this  is  a  hard  concept  to  get  across.  But  the  lifetime  of  sulfate 
aerosols  in  the  atmosphere  is  roughly  one  week.  The  lifetime  of 
C02  molecule  is  roughly  hundreds  of  years.  Okay? 

And  what  that  means  is  that  aerosols  are  not  increasing  as  you 
keep  burning  at  the  same  rate,  but  C02  keeps  increasing.  So  if  you 
look  for  very  long  times  in  the  future,  with  constant  emissions  of 
burning  of  fossil  fuels,  the  aerosol  effect  gets  less  and  less  because 
it  does  not  keep  increasing. 

Ms.  Rivers.  How  do  we  know  that  the  aerosol  is  not — I  mean, 
how  do  we  know  it  is  counteracting?  I  mean  is  there  also  a  possibil- 
ity it  is  masking  the  real  problems  here? 

Dr.  Mahlman.  That  perhaps  is  a  theological  question  that  I  can- 
not get  at.  But  the  simple  truth  is  that  you  add  aerosols  to  the  at- 
mosphere, it  has  a  tendency  to  cool  the  atmosphere. 
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Okay,  you  add  carbon  dioxide,  it  has  a  tendency  to  heat  the  at- 
mosphere. 

Mr.  ROHRABACHER.  You  have  time  for  one  more  question. 

Dr.  Michaels.  I  would  hke  to  follow  onto  that,  if  I  could. 

Dr.  Mahlman's  correct.  The  residence  time  of  aerosols  is  on  the 
order  of  days  in  the  atmosphere. 

That  leads  us  to  a  very  interesting  problem.  I  just  happen  to 
have  this  planet  down  here. 

[Laughter.] 

Ms.  Rivers.  I  saw  this  on  MTV. 

[Laughter.] 

Dr.  Michaels.  Hopefully,  I  can  do  a  little  better.  All  the  aerosols 
are  produced  in  the  northern  hemisphere.  There  is  very  little  in- 
dustry that  produces  the  aerosol  in  the  southern  hemisphere. 

And  the  amount  of  air  that  exchanges  between  the  northern  and 
the  southern  half  of  the  planet  is  very,  very  low.  It  is  a  relatively 
small  percent.  So  that  the  southern  hemisphere  is  virtually  sulfate 
free. 

Now  there  is  a  paper  in  the  literature  you  might  want  to  take 
a  look  at,  in  the  Journal  of  Technology  from  awhile  back,  because 
it  tested  the  hypothesis  whether  the  climate  models  that  do  not 
have  aerosol  in  them — and  please  follow  me — fail  worse  where  the 
aerosol  is  and  do  better  where  there  is  no  aerosol,  a  reasonable 
test,  wouldn't  you  think? 

Well,  in  fact  the  match-up  of  observed  patterns  of  climate  over 
the  last  50  years  in  the  southern  hemisphere  in  the  non-aerosol  cli- 
mate models  is  zero. 

The  point  that  I  am  trying  to  make  to  you,  aerosols  may  have 
some  effect.  I  believe  they  do,  particularly  in  the  northern  hemi- 
sphere, but  they  are  not  a  sufficient  cause — please  listen — they  are 
not  a  sufficient  cause  to  explain  the  difference  between  the  pro- 
jected and  the  observed  warming,  which  is  why  I  needed  that  high 
latitude  data. 

Ms.  Rivers.  I  want  to  ask  Dr.  Mahlman  to  respond. 

Before  I  do,  I  support  you  in  your  need  for  that  data,  and  I  do 
not  think  this  body  would  be  diminished  in  any  way  to  send  a  let- 
ter requesting  that  information.  I  think  if  we  are  going  to  build 
global  policy  on  science  of  individual  scientists,  we  need  to  have  ac- 
cess to  that,  and  I  agree  with  that. 

Mr.  ROHRABACHER.  Thank  you,  Ms.  Rivers.  And  if  you  have  one 
more  question,  go  ahead,  but  we  do  have 

Ms.  Rivers.  I  wanted  Dr.  Mahlman  to  respond  to  what  Dr.  Mi- 
chaels just  said. 

Dr.  ]VIahlman.  Well,  I  happen  to  be  a  strong  advocate  of  serious 
diagnostic  research  on  what  I  will  call  the  attribution  question, 
which  Dr.  Michaels  just  spoke  to. 

Namely,  how  do  you  use  the  current  data  to  evaluate  the  credi- 
bility or  lack  of  thereof  of  theoretical  or  empirical  predictions? 

What  we  recognize  is  that  there  are  many,  many  aspects  of  the 
climate  system  that  vary  naturally  on  regional  scales  on  time 
scales  of  decades.  And  a  good  climate  model  is  one  that  simulates 
not  only  the  mean  but  its  variability  reasonably  well. 

Models  do  a  fairly  decent  job  of  that,  not  wonderful,  but  a  pretty 
decent  job.  And  what  you  find  is  when  you  weigh  in  that  natural 
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variability  that  you  cannot  quantify,  the  quest  that  Dr.  Michaels  is 
talking  about,  of  trying  to  figure  all  this  out  and  match  the  so- 
called  fingerprint  match  of — are  these  changes  consistent  with 
greenhouse  warming? — is  an  extraordinarily  difficult  scientific  di- 
agnostic problem. 

And  I  think  Dr.  Michaels  and  I  would  both  agree  on  that. 

Dr.  Michaels.  Yes.  The  problem  is  that  you  do  not  see  the  match 
where  the  aerosols  are  not. 

At  4:00  o'clock  today,  I  am  going  to  be  giving  a  seminar  down  in 
Charlottesville  on  this,  and  I  would  like  you  to  come.  I  will  give  you 
a  ride. 

Ms.  Rivers.  I  would  love  to  come,  but  I  do  not  think  they  are 
going  to  let  me  leave  here. 

Dr.  Michaels.  Too  bad. 

Ms.  Rivers.  No  matter  how  much  I  would  like  to. 

Mr.  ROHRABACHER.  I  wonder  if  this  hearing  will  be  over  by  then. 

[Laughter.] 

Mr.  ROHRABACHER.  I  appreciate  that,  Ms.  Rivers. 

Now  we  have  been  joined  by  the  distinguished  former  chairman 
of  the  full  Committee,  who  has  my  admiration,  as  Chairman  of  this 
Subcommittee,  the  way  he  handled  the  full  Committee  and  has 
treated  everyone  as  fairly  over  the  years  as  anyone  possibly  could 
in  this  body.  And  so  I  would  like  to  give  him  the  opportunity  now 
to  ask  any  questions  and  make  any  statement  that  he  would  like 
to  make. 

Mr.  Brown.  Your  generous  comments  leads  me  to  pass,  Mr. 
Chairman,  so  that  we  can  not  be  here  at  4:00  o'clock,  and  go  on 
to  the  next  panel.  Thank  you  very  much. 

[The  prepared  statement  of  Congressman  Brown  follows:] 

Prepared  Statement  of  Hon.  George  E.  Brown,  Jr.,  a  Representative  in 
Congress  From  the  State  of  California 

I  believe  this  hearing  will  serve  to  point  out  the  error  in  judgment  made  by  this 
Committee  in  passing  authorization  bills  earlier  this  year  containing  disproportion- 
ate, damaging  cuts  to  global  change  research  programs.  Cuts  to  these  programs  will 
perpetuate  limitations  in  our  understanding  of  the  earth's  climate  system.  In  the 
absence  of  real  information  people  will  be  encouraged  to  substitute  hand-waving  and 
conjecture  for  substantive  scientific  inquiry  into  the  phenomena  that  shape  earth's 
climate.  Cutting  these  programs  will  not  stop  carbon  dioxide  from  increasing  in  the 
atmosphere  or  terminate  interest  in  speculating  on  its  effects. 

It  appears  to  me  the  budgets  for  climate  research  and  climate  change  impact  re- 
search have  been  systematically  targeted  for  deep  cuts  by  this  Committee.  The 
budgets  for  global  climate  change  research  at  EPA,  NASA,  NCAA,  and  DOE  have 
been  cut  by  over  one  quarter  from  the  FY  95  funding  levels.  Budgets  for  research 
and  development  of  technologies  that  would  assist  our  nation  in  conserving  energy 
and  expanding  our  energy  options  have  been  cut  by  almost  half  from  their  FY  95 
levels.  This  is  short-sighted  and  foolish. 

I  believe  we  are  all  reluctant  to  advocate  for  radical  changes  that  would  alter  our 
economy  and  our  way  of  life  without  reliable  information  that  such  changes  are  in- 
deed necessary.  However,  hesitation  to  embark  on  a  difficult  policy  path  is  not  a 
rational  explanation  for  scaling  back  the  global  climate  change  research  programs 
on  the  scale  recommended  by  this  Committee.  I  cannot  understand  anyone  embrac- 
ing ignorance  in  the  face  of  a  potential  problem  of  this  magnitude.  I  cannot  under- 
stand why  we  should  not  pursue  research  which  will  provide  explanations  about 
how  this  planet  functions.  If  climate  change  is  real,  then  we  will  need  to  understand 
how  it  will  affect  us  and  what  our  options  will  be  for  adapting  to  any  negative  con- 
sequences or  exploiting  positive  ones.  If  climate  change  is  NOT  real,  then  the  re- 
search being  done  by  these  agencies  will  confirm  that  for  us.  Although  there  are  sci- 
entists who  question  the  severity  of  climate  change  impacts  and  the  reliability  of 


67 

global  climate  models,  it  does  not  appear  that  any  are  advocating  an  end  to  the  re- 
search programs. 

If  climate  is  going  to  change  in  a  way  that  will  alter  the  future  habitability  of 
parts  of  this  country  of  affect  our  food  supply,  we  would  be  better  off  to  find  out 
sooner  rather  than  later.  If  there  are  cost-effective  steps  that  we  can  take  now 
which  provide  benefits  to  our  society  in  terms  of  energy  efficiency,  pollution  reduc' 
tion,  and  job  creation  then  we  should  take  them. 

I  am  confident  that  the  witnesses  here  today  will  all  agree  on  the  need  for  a  bet- 
ter understanding  of  our  climate  system  even  if  they  disagree  on  the  precise  nature 
of  climate  change,  the  magnitude  of  its  impacts,  or  on  recommendation  of  policy  op- 
tions that  we  should  pursue. 

Mr.  ROHRABACHER.  We  have  now — is  it  Mr.  Doyle  or  Mr.  Minge? 
Mr.  Minge. 

Mr.  MiNGE.  I  just  have  a  couple  of  quicker  questions. 

I  noted  with  some  interest  that  the  NOAA  budget  had  provided 
for  a  high  performance  computing  system  to  improve  global  model- 
ing. 

How  important  is  that  to  try  and  acquire  the  additional  informa- 
tion that  is  needed  to  answer  some  of  the  uncertainties  that  have 
been  discussed,  and  I  direct  this  to  you,  Dr.  Mahlman. 

Dr.  Mahlman.  I  appreciate  the  opportunity. 

I  am  a  direct  beneficiary  and  recipient  of  some  of  that  High  Per- 
formance Computing  &  Communications  funds.  We  procured  a  new 
supercomputer  system  in  August  of  this  year,  in  response  to  that 
initiative  that  was  funded  for  NOAA.  It  was  competitively  bid  and 
competitively  procured. 

And  what  that  additional  increment  of  commitment  on  part  of 
the  HPCC  program,  plus  the  funds  we  already  had  for 
supercomputing,  has  allowed  us  over  the  next  three  years  to  in- 
crease our  computer  power  by  a  factor  of  17  because  of  the  fierce 
competitive  bidding  that  that  process  allowed. 

We  are  now  attacking  aspects  of  climate  problems,  particularly 
with  respect  to  local  dynamics  of  clouds,  that  would  have  been  in- 
conceivable without  that.  And  I  am  personally  grateful  to  Congress 
and  to  the  system  that  allowed  this  very,  very  difficult  process  to 
proceed. 

Mr.  Minge.  Is  your  purchase  of  that  computer  now  at  risk  be- 
cause of  diminished  funding,  or  will  you  be  able  to  follow  through 
and  complete  the  purchase  of  that  unit? 

Dr.  Mahlman.  The  commitment  has  been  made,  the  first  pay- 
ment has  been  made,  and  if  the  House  and  Senate  marks  for 
HPCC  for  NOAA  are  sustained,  then  there  will  be  no  problem. 

Mr.  Minge.  Okay.  And  the  appropriations  level  is  adequate? 

Dr.  Mahlman.  Yes,  indeed. 

Mr.  Minge.  All  right. 

If  this  modeling  can  in  fact  be  done,  to  try  to  improve  our  under- 
standing of  global  climate  and  changes,  how  long  do  you  think  it 
will  take  before  we  have  sorted  out  some  of  the  differences  that 
have  been  discussed  here,  such  as  the  aerosol  effect  and  so  on  that 
lead  to  some  of  the  uncertainties? 

Dr.  Mahlman.  I  think  that  the  harsh  truth  is  is  that  aspects  of 
the  cloud  and  aerosol  problem  are  very  intellectually  stubborn 
problems.  Okay? 

It  would  be  dishonest  for  me  to  say  that,  "Give  us  this  amount 
of  money  or  give  us  ten  times  as  much  computing  power,  and  we 
will  solve  this  two  years  from  now." 
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I  do  not  think  it  is  going  to  be  that  simple  because  some  of  the 
fundamental  measurements  have  not  even  been  made  yet. 

It  does  allow  me  to  make  a  point  that,  it  is  not  just  computer 
power,  it  is  the  symbiosis  among  computing  power,  human  intellec- 
tual brain  power,  and  very  hypothesis  testing  measurements  that 
allow  progress  to  happen.  And  computer  modeling  becomes  a  way 
to  test  h3rpotheses  because  they  make  predictions  that  can  be  eval- 
uated and  critiqued. 

Mr.  MiNGE.  Dr.  Michaels,  I  would  like  to  ask  you  if  you  feel  that 
the  consumption  of  fossil  fuels  is  irrelevant  to  questions  of  global 
warming. 

Dr.  Michaels.  No.  Absolutely  not. 

Mr.  MiNGE.  So  we  are  presented  here,  as  I  understand  it,  with 
a  situation  where  there  are  models  that  indicate  a  certain  level  of 
global  warming  and  I  think  that  all  three  members  of  the  panel 
have  agreed  that  there  is  some  level. 

And  a  question  of  what  we  should  do  as  a  country  and  what  we 
should  do  in  combining  with  other  countries  to  address  potential 
adverse  effects. 

Mr.  ROHRABACHER.  Would  the  gentleman  yield  for  just  a  mo- 
ment? 

I  think  also  another  question  along  that  line  is  whether  or  not 
the  global  warming  is  a  product  of  man-made  activity. 

Mr.  MiNGE.  Well,  I  will  let  you  come  back  with  whatever  mis- 
givings you  have  about  this. 

But  the  question  is  whether  we  should  attempt  to  address  the 
situation  by  changing  our  consumption  of  fossil  fuels  and  other  life- 
style factors. 

And  I  would  like  to  ask  you,  Dr.  Mahlman,  to  take  off  your  sci- 
entific hat,  if  you  are  comfortable  doing  that,  and  as  a  person  who 
has  devoted  many  years  to  this  study,  share  with  us  any  rec- 
ommendations that  you  would  make  as  a  private  citizen  so  that  we 
have  a  little  bit  better  understanding  of  public  policy  directions 
that  you  would  recommend. 

And  I  say  this  in  all  sincerity  because  here  you  are,  employed  by 
the  United  States  of  America  to  do  this.  You  are  not  being  paid  by 
any  environmental  group,  you  are  not  being  paid  by  any  industrial 
group,  and  we  rely  upon  you  to  be  fairly  objective  about  it. 

And  we  do  not  want  to  wait  until  every  last  uncertainty  is  elimi- 
nated before  we  act.  We  have  to  make  some  decisions  when  there 
are  still  some  uncertainty  in  the  situation. 

So  with  those  comments,  I  would  appreciate  your  response. 

Dr.  Mahlman.  I  have  said  in  these  halls  before  that  I  have  no- 
ticed that  it  is  a  lot  easier  to  criticize  your  congressman  than  to 
be  a  congressman.  And  this  is  a  good  example  of  why. 

I  personally  believe  that  I  have  given  you  a  no  ideological  spin 
on  the  ball  assessment  of  where  the  science  is  on  this.  And  what 
I  see,  as  a  citizen,  that  this  is  an  extraordinarily  nasty  place  to  be 
in  if  you  are  a  policymaker.  Because  if  you  look  at  the  problem  and 
you  try  to  do  something  about  it  now,  I  think  objectively  you  can 
say  that  the  cost  of  doing  something  about  it  that  makes  a  big  dent 
in  the  problem  is  extraordinarily  high. 

The  cost  of  not  doing  something  about  it  is  probably  also  extraor- 
dinarily high.  And  so  I  do  not  think  there  is  a  safe  landing  spot. 
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I  do  not  think  that  any  specific  recommendations  I  would  make 
that  do,  as  you  do,  take  cognizance  of  all  of  the  competing  factors 
gives  you  a  simple,  easy  thing  to  deal  with. 

As  I  said  in  my  testimony — and  you  were  not  here  at  that  time — 
is  that  I  do  not  think  that  no  matter  what  we  say  or  do  in  the  next 
five  years,  the  problem's  going  to  either  be  solved,  or  it  is  not  going 
to  go  away.  And  so  I  will  duck  the  question  in  that  sense. 

Although  I  do  believe  that  it  is  my  responsibility,  as  a  scientist 
who  is  employed  by  the  government,  to  be  absolutely  non-ideologi- 
cal, that  we  can  speak  to  the  questions  that  you  have  to  address. 
But  the  answers  to  those  questions  are  fundamentally,  as  so  often 
what  you  do,  values  debates  and  values  issues,  not  science  issues. 

Mr.  MiNGE.  Has  the  state  of  the  art  in  science  advanced  beyond 
the  leech  stage  in  medical  technology  that  we  had  maybe  a  century 
or  two  ago? 

Where  do  we  stand  in  terms  of  the  assistance  that  we  can  expect 
from  the  scientific  community  in  answering  some  of  these  ques- 
tions? 

Dr.  Mahlman.  I  would  argue  that  the  state  of  scientific  under- 
standing on  this  problem  is  demonstrably  superior  to  the  state  of 
intellectual  understanding  on  almost  anything  you  vote  on  that  you 
argue  a  lot  about.  Okay? 

[Laughter.] 

Dr.  Mahlman.  Respecting  the  degree  of  difficulty,  and  I  have 
made  the  statement  that  if,  for  example,  that  we  were  to  become 
infinitely  wise,  and  Patrick  Michaels  and  I  could  agree  on  all  the 
points  and  we  know  how  the  climate  system  works  and  how  it  is 
going  to  change,  we  could  lay  that  information  out  on  the  table  for 
you,  and  you  would  still  have  a  miserable  problem  as  to  how  to 
deal  with  it  as  a  society  and  as  a  planet. 

Mr.  ROHRABACHER.  I  think  that  we  should — Mr.  Doyle  is  next  up, 
and 

Mr.  MiNGE.  Thank  you. 

Mr.  ROHRABACHER.  Thank  you,  Mr.  Minge. 

Mr.  DOYLE.  First  of  all,  thanks  for  recognizing  me,  and  I  apolo- 
gize for  missing  the  testimony  of  the  panelists. 

Those  of  us  who  are  lay  people  I  can  tell  you  are  fascinated  by 
this  whole  discussion.  And  I  do  not  know  if  it  has  been  addressed 
already,  and  if  it  has,  I  will  just  shut  up  and  we  can  move  on  to 
the  next  speaker,  but  just  as  a  lay  person,  we  read  a  lot  about  glob- 
al warming. 

Is  there  a  consensus  in  the  scientific  community  that  we  are 
going  to  have  this  global  warming  on  the  order  of  one  to  four  de- 
grees? That  that  is  actually  something  that  is  going  to  happen?  Or 
is  there  a  wide  disparity  in  views? 

Is  there  any  consensus  on  this,  and  has  that  been  touched  on 
earlier? 

Dr.  Mahlman.  I  would  argue  that  there  is  a  substantial  consen- 
sus, and  that  Dr.  Michaels  will  contest  that — that  is  true. 

Dr.  Michaels.  No,  I  did  not.  He  said  one  to  four  degrees.  I  think 
that  the  databased,  and  now  the  model/databased  arguments,  that 
are  coming  out  in  the  literature  put  you  in  the  one  to  one-and-a- 
half  degree  range  for  effective  C02  doubling  after  all  is  said  and 
done. 
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You  know,  the  problem  is  that  the  bottom  number  that  you  are 
talking  about  there  over  a  hundred  years  is  not  something  you  are 
going  to  want  to  spend  a  lot  of  money  doing  anjrthing  about,  espe- 
cially if  it  really  translates  mainly  into  shorter  winters  and  longer 
growing  seasons  and  is  in  the  winter.  Characteristics  that,  by  the 
way,  we  seem  to  see  emerging  from  the  data. 

The  higher  numbers  is  a  big  problem.  And  one  of  these  days,  I 
think  we  are  actually  evolving  towards  a  solution. 

But  something  in  the  previous  question  to  you,  Jerry,  I  have  to 
touch  back  on,  to  show  how  difficult  this  problem  is. 

We  have  measurements,  accurate  measurements  of  temperature 
in  the  atmosphere  that  are  done  by  weather  balloons  twice  a  day. 
People  really  like  these  records  because  these  are  calibrated  instru- 
ments. They  go  back  into  roughly  the  1950s  or  so.  The  record  by 
Oort  I  think  goes  back  into  1962. 

And  if  you  look  at  that  record,  you  see  a  warming  in  it.  And  ev- 
erybody goes,  "Wow,  global  warming  by  the  best  record  we  can 
find." 

Then  if  you  look  at  the  record  carefully,  you  see  the  following: 
There  is  no  net  change  in  temperature  from  1977  through  1994; 
and  there  is  no  net  change  in  temperature  from  when  the  record 
begins  Oort's  record  in  1965  to  1976.  So  that  says  that  all  that 
warming  occurred  statistically  in  one  year. 

Now  the  question  I  have  is,  are  we  ever  going  to  have  a  climate 
model  that  is  going  to  be  so  good  that  it  could  pick  something  like 
that  out? 

Mr.  Guerrero.  If  I  could  provide  our  observations? 

One  of  the  things  we  looked  at,  when  we  looked  at  the  uncer- 
tainty range  associated  with  the  model  predictions,  is  what  kind  of 
models  are  there  out  there. 

And  one  point  that  I  think  is  worthwhile  keeping  in  mind,  Dr. 
Michaels  pointed  to  today  in  his  slides,  a  particular  model  and  the 
variance  between  what  that  model  predicted  and  the  actual  tem- 
peratures that  were  registered. 

That  is  a  model  among  any  number  of  models.  And  the  important 
thing  to  keep  in  mind  in  this  process  is  there  is  a  vehicle  for  look- 
ing at  the  different  types  of  models.  Some  of  them  are  better  than 
others.  And  that  process  is  the  IPCC  process  that  involves  thou- 
sands of  scientists  reviewing  and  peer  reviewing  the  literature  and 
trying  to  achieve  consensus. 

Now  it  does  not  mean  you  are  going  to  get  total  agreement.  It 
does  not  mean  you  will  not  have  scientists  who  feel  strongly  on  one 
side  or  the  other  of  this  picture. 

But  what  it  does  mean  is  that  after  having  gone  through  a  proc- 
ess of  thousands  of  individuals  looking  at  the  records  and  the 
model  results,  that  they  did  reach  some  level  of  agreement. 

Mr.  Doyle.  Yes.  And  I  guess  when  we  get  through  this  whole 
issue  of  cost/benefit  analysis  and,  like  Dr.  Michaels  said,  if  it  is  one 
degree,  it  is  one  thing;  if  it  is  four  degrees,  it  means  quite  some- 
thing else.  And  when  we  talk  about  risk  assessment  and  cost  bene- 
fit analysis  here  in  this  Committee,  and  then  look  at  these  models 
where  you  see  ranges  going  from  1.8  to  6.3  in  one  model,  or  2.7  to 
8.1,  it  becomes  a  very  confusing  dilemma  for  those  of  us  who  are 
trying  to  decide,  you  know,  do  we  have  a  situation  here  that  we 
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need  to  be  paying  serious  attention  to  and  doing  something  now, 
or  is  this  something  that  is  in  the  range  of  one  degree  over  a  hun- 
dred some  years,  and  it  is  not  prudent  to  spend  money. 

So 

Mr.  ROHRABACHER.  Could  I  ask  a  question  that  fits  into  the  point 
that  you  are  making,  because  you  were  not  here  the  entire  time. 

Is  there  a  consensus  that  as  we  get  better  information  because 
of  better  technology  that  is  available  to  us,  is  this  the  consensus 
that  actually  that  the  degree  of  global  warming  has  come  down? 
And  I  believe  there  is  an  EPA  report  that  just  suggested  that? 

Or  am  I  incorrect  in  that? 

Dr.  Mahlman.  I  think  Dr.  Michaels  and  I  would  have  a  different 
perspective  about  that. 

I  think  that  the  prediction  of  what  will  happen  to  the  climate  has 
gone  down  because  of  our  increased  understanding  of  offset  due  to 
sulfate  aerosols.  Okay?  And  that  is  not  necessarily  a  statement 
about  what  the  model  said  or  did  not  say.  What  it  is  saying  is  there 
was  an  effect  that  was  not  calculated  in  the  models  that  looked 
only  at  carbon  dioxide. 

So  that  is  my  answer. 

Mr.  ROHRABACHER.  Now,  in  1991,  let  me  ask,  and  my  staff  is 
suggesting  now  that  you  ranged  your  estimates  in  1991  that  global 
warming  would  be  between  two  degrees  and  eight  degrees,  and 
today  you  are  testifying  that  global  warming  will  be  between  two 
degrees  and  six  degrees,  is  that  correct? 

Dr.  Mahlman.  No.  I  had  smaller  numbers  than  that.  Because  in 
1991,  I  was  answering  a  different  question.  Okay?  In  1991,  I  was 
answering  the  question  that  was  asked,  is,  "What  is  the  equi- 
librium changed  to  a  double  carbon  dioxide  expressed  in  degrees 
Fahrenheit?" 

Today  we  are  asking  a  different  question.  What  do  we  expect 
roughly  in  the  middle  of  the  next  century  at  the  time  of  approxi- 
mate onset  of  the  equivalent  of  doubling  carbon  dioxide  if  the  sul- 
fate part  does  not  change? 

It  is  hard  to  answer  you  because 

Mr.  ROHRABACHER.  I  do  have  a  copy  of  your  testimony  and  it 
does  say  that  for  the  middle  of  the  next  century,  global  mean  sur- 
face warming  is  estimated  to  be  in  the  range  of  two  to  eight  de- 
grees, and  that  is,  I  am  not  sure  if  that  is  inconsistent  with  what 
you  are  saying. 

Dr.  Mahlman.  That  is  pretty  consistent  with  what  I  said,  yes. 

Mr.  ROHRABACHER.  Okay.  Well,  I  am  sure  somebody  else  under- 
stands  

Dr.  Mahlman.  You  have  got  to  remember  that  is  in  Fahrenheit, 
not  centigrade. 

Dr.  Michaels.  Mr.  Chairman,  what  Dr.  Mahlman  is  saying  is,  he 
said  there  has  been  a  decrease  in  the  forecasts  because  of  sulfate 
being  applied  to  the  model. 

And  what  I  have  been  publishing  in  literature  is  that  the  sulfate 
explanation,  which  results  in  a  reduced  warming,  is  not  sufficient 
explanation  for  the  lack  of  warming.  That  there  are  other  things 
going  on  here. 
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That  is  where,  I  do  not  know,  do  you  think  it  is  just  sulfates? 
Is  that  the  only  thing  that  is  caused  the  disparity  in  the  GFDL 
model? 

Dr.  Mahlman.  Well,  if  you  wish  to  talk  about  the  GFDL  model, 
I  certainly  can  speak  to  that. 

You  compared  apples  to  oranges  in  your  time  series  in  that  you 
looked  at  a  GFDL  model  which  is  looking  at  the  transient  effect  of 
an  increased  one  percent  per  year  of  carbon  dioxide  increase,  and 
you  compared  it  to  the  last  15  years  which  has  an  offset  of  sulfate 
aerosol,  and  also  has  an  offset  due  to  stratospheric  ozone  reduc- 
tions that  led  to  cooling  in  the  upper  troposphere,  and  so  I  do  not 
think  that  that  was  a  fair  comparison  at  all. 

Mr.  ROHRABACHER.  We  already  touched  upon  that.  Maybe  we  can 
have  Mr.  Cramer  who 

Mr.  Doyle.  That  clears  ever3^hing  up  for  me.  Thank  you. 

[Laughter.] 

Mr.  ROHRABACHER.  If  Mr.  Cramer  would  like  to  follow  through 
on  this  part  of  the  discussion,  we  would  be  pleased  to  have  him  do 
so,  if  he  would  like. 

Mr.  Cramer.  Thank  you,  Mr.  Chairman. 

What  an  interesting  time. 

I  just  came  in,  and  I  certainly  do  not  want  to  confuse  anyone,  so 
I  will  pass  for  now. 

[Laughter.] 

Mr.  ROHRABACHER.  Mr.  Giver  is  hiding  back  there,  and  he  has 
never  passed  up  an  opportunity  to  confuse  us. 

[Laughter.] 

Mr.  Olver.  Thank  you,  Mr.  Chairman. 

I  usually  start  at  these  things  confused  and  end  up  even  more 
confused. 

But  in  any  case,  I  also  just  came  in.  I  came  in  at  the  point  of 
hearing  Dr.  Mahlman's  comment  and  I  think  that  while  it  may  be 
true  that  in  most  areas  of  science,  the  degree  of  understanding  is 
better  than  what  we  seem  to  be  arguing  about  here  in  most  areas 
of  social  policy  or  the  application  of  science  to  social  policy. 

I  get  the  impression  that  the  science  is,  at  least  among  those  who 
are  practitioners  in  this  area,  are  nearly  as,  the  range  of  opinions 
is  nearly  as  wide  as  it  is  in  our  arguments  about  the  use  of  it  here. 

So  I  was  struck  very  curious  about  the  comments  by  Dr.  Mi- 
chaels and  I  wish  you  would  go  through  this  again. 

Please  tell  me  again  what  it  was  that  you  compared  two  long 
ranges  of  years  in  which  nothing  had  happened,  though  the  sum 
total  appears  to  show  a  substantial  change  that  would  lead  one  to 
believe  that  all  that  change  had  occurred  in  one  year. 

Dr.  Michaels.  Right. 

Mr.  Olver.  That  is  a  paraphrasing  of  what  I  understood  while 
I  was  half  listening  while  trying  to  read  some  of  the  testimony,  and 
I  do  not  understand  how  that  can  happen. 

Dr.  Michaels.  Okay,  I  will  show  you. 

Mr.  Olver.  And  maybe  in  the  result  of  it,  you  will  need  to  show 
me  exactly  where 

Dr.  Michaels.  I  have  a  slide  in  there  that  will  show  it  and  it  will 
show  it  much — the  picture  says  ten  thousand  of  my  poorly  chosen 
words. 
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Can  I  show  it? 

Mr.  Olver.  I  would  be  perfectly  happy  to  have  you  show  it,  al- 
though it  may  be  that 

Dr.  Michaels.  I  just  have  to  find  it  first. 

Mr.  Olver.  I  hope  that  will  not  confuse  others. 

[Pause.] 

Dr.  Michaels.  Here  it  is.  This  is  set  up  for  my  seminar  this 
afternoon,  and  that  is  why  I  have  got  all  these  silly  slides.  Okay. 

The  top  graph  is  the  upper  atmospheric  temperature  from  the 
what  we  call  850  millibar  to  300  millibar  level.  It  is  the  level  that 
the  satellite  corresponds  to  at  95  percent  accuracy. 

This  is  the  global  record.  And  you  can  see  the  warming  in  it. 
This  is  published  by  Oort  et  al. 

Mr.  Olver.  It  is  a  weather  satellite  at  what  altitude? 

Dr.  Michaels.  It  corresponds  to  the  satellite  records  that  are 
taken  out  in  space.  These  are  weather  balloon  records  from  5,000 
to  30,000  feet,  if  you  will,  in  the  atmosphere.  They  are  thought  to 
be  highly  accurate. 

And  the  top  graph  is  the  total  record  which  begins  in  1964.  The 
middle  graph  is  that  same  record.  . 

Mr.  Olver.  Are  those  yearly  mean  dates? 

Dr.  Michaels.  Yearly  averages,  correct. 

The  middle  graph  is  that  same  record  from  1964  through  1976, 
and  you  can  see  there  is  no  trend  in  it. 

The  bottom  graph  is  that  same  record  from  1977  to  1994. 

Which  leads  one  to  the  conclusion  that  the  entire  warming  in 
this  record  occurred  in  a  jump  that  was  almost  20  years  ago. 

I  just  bring  this  up  to  show  you  the  complexity  of  the  problems 
that  Dr.  Mahlman  is  dealing  with.  Because  I  have  yet  to  see  any 
model  that  would  project  that  this  type  of  thing  would  happen,  and 
yet  this  is  what  has  been  going  on  with  our  climate. 

That  is  fine.  You  can  turn  the  lights  on  now. 

Mr.  Olver.  Now,  let  me 

Okay.  It  is  fairly  difficult  for  everyone  to  see  and  read  that,  but 
the  period  of  time  in  the  first  group  of  yours  was  a  period  when 
very  little,  at  that  point,  very  little  intervention  on  the  part  of  pub- 
lic bodies  had  occurred,  I  take  it,  in  the,  in  other  words  there  was 
a  laissez-faire  approach  toward  the  growth  of  C02.  I  take  it  that 
is  what  we  are  really  trying  to  measure  in  the  air,  isn't  it? 

Dr.  Michaels.  We  are  just  looking  at  a  temperature  and  see  how 
much  it  changed  over  time. 

Mr.  Olver.  Oh,  it  is  just  a  temperature. 

Well,  okay.  I  can  see  now  how  reading  the  data  that  you  have 
just  shown  on  those  graphs  does  lead  to  the  point  that  you  made. 

And  I  suspect  that  there  is  a  balancing  argument  on  the  part,  I 
suspect  that  a  lot  of  different  people  in  the  scientific  field  of  global 
warming  would  have  a  variety  of  explanations  as  to  what  it  is  that 
is  going  on  there.  And  I  guess  since  my  time  will  have  run  out  al- 
ready, I  suspect  here,  while  I  am  musing  about  this 

Mr.  RoHRABACHER.  You  are  free  to  ask  another  question. 

Mr.  Olver.  [continuing]  — I  would  just  invite  perhaps  Dr. 
Mahlman  to  comment  as  to  what  you  see  in  those  data,  and  maybe 
others,  because  I  would  like  to  understand  at  least  this  one  point 
before  I  leave  here  today. 
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Dr.  Mahlman.  Well,  you  perhaps  did  not  ask  the  right  person  be- 
cause I  personally  do  not  understand  the  logic  behind  Professor  Mi- 
chaels' arguments  here. 

I  see  the  time  series  at  the  top.  I  see  an  increase.  I  see  the  sharp 
rebound  of  the  cooling  due  to  Mt.  Pinatubo  is  not  on  his  time  se- 
ries, and  quite  frankly  I  do  not  get  his  point. 

Dr.  Michaels.  Mt.  Pinatubo  occurred  in  1991.  We  are  looking  at 
1977  through  1994,  and  there  is  no  trend  in  the  data. 

Mr.  Olver.  Well,  what  do  you  think  did  happen  in  that  period? 

Dr.  Michaels.  Why  is  it  flat?  Why  is  there  no  trend?  Good  ques- 
tion. I  think  when  we  understand  that,  we  are  going  to  understand 
this  issue. 

Mr.  Olver.  But  if  there  is  no  trend,  and  what  you  have  done, 
what  has  happened  here,  and  I  think  it  is  an  interesting  look  at 
the  data,  if  the  data  are  correct  means  for  the  whole  year.  Are 
these  whole  year  means? 

Dr.  Michaels.  Correct. 

Mr.  Olver.  For  the  temperature  data? 

Dr.  Michaels.  Yes. 

Mr.  Olver.  And  so  indeed,  if  you  were  to  use  any  group  of  three 
or  five  of  these  points,  and  average  those  out,  you  would  get  a  se- 
ries of  lines,  and  if  you  averaged  the  whole  thing  out,  you  have 
what  is  described  as  the  grand  trend  line  in  this  process. 

And  while  I  have  not  looked  at  these  means,  I  do  not  know 
whether  there  is  anybody  that  disagrees  with  the  fundamental  data 
there,  whether  there  is  a  disagreement  about  that,  but  if  you  do 
that,  if  there  is  no  disagreement  there,  then,  yes,  it  looks  as  if  you 
have  got  the  possibility,  if  you  take  a  particular  group  of  years  be- 
fore and  after  the  year  1976,  that  there  are  two  possible  straight- 
line,  virtually  unchanged  things. 

But  then  how  do  you  explain  the  difference? 

Dr.  Michaels.  That  is  the  point. 

Mr.  Olver.  What  is  your  explanation  for  it? 

Dr.  Michaels.  Nobody  has  an  explanation  for  this.  That  is  pre- 
cisely my  point.  Nobody  could  explain  why  the  mean  upper  air  tem- 
perature would  take  this  sharp  jump  20  years  ago.  That  is  20  years 
ago  this  happened.  And  that  that  is  the  only  jump  that  explains 
the  trend  in  the  entire  record. 

Mr.  Olver.  If  you  took  three  or  four  of  your  groups  within  this 
20-year  period,  you  might  have  a  series  of  trend  lines  that  went  at 
quite  sharp  angles. 

Dr.  Michaels.  Yes,  but  your  sample  design  then  is  so  small,  you 
have  destroyed  a  degree  of  fi^eedom  in  the  intercept  and  one  in  the 
slope.  You  just  cannot  do  that. 

Mr.  Olver.  But  you  have  concluded  that  you  can  cut  it  in  half, 
certainly,  but  you  cannot  cut  it  in  thirds? 

Dr.  Michaels.  Its  number  of  degrees  of  freedom  of  18  is  much 
more  statistically  robust  than  2. 

Mr.  Olver.  I  did  not  suggest  2.  I  suggested  3,  or  4,  or  5;  but  even 
if  you  cut  it  in  3  you  would  get  a  very  different  sort  of  a 

Dr.  Michaels.  Yes,  you  would.  But  the  point  in  the  argument 
is — and  this  is,  by  the  way,  not  really  too  much  of  a  matter  of  con- 
tention in  the  scientific  literature;  it  was  in  Science  Magazine;  it 
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has  been  all  over  the  place — but  there  was  something  that  hap- 
pened around  1976,  some  type  of  pattern  change. 

This  is  demonstrable  of  that.  Nobody  knows  what  it  was.  Nobody 
knows  why  it  happened,  and  nobody  knows  what  it  can  be  related 
to.  But  unless  we  understand  things  like  that  which  are  respon- 
sible for  the  full  power  of  the  trend  in  that  data,  we  do  not  really 
understand  very  much  about  this  entire  climate  problem. 

Mr.  RoHRABACHER.  Mr.  Olver,  thank  you  very  much.  I  think 
that — well,  actually  I  would  like  to  summarize  a  little  bit  first  here. 

I  personally — well,  there  were  some  things  stated  earlier  on 
about  what  this  subcommittee  has  been  doing  and  some  of  the  pol- 
icy decisions  that  have  been  made. 

And  just  to  let  you  know,  funding  for  NOAA  and  their  satellite 
program  was  increased  by  this  subcommittee  in  this  current  budget 
debate.  And  so  we  have  not  decreased  the  amount  of  satellites  from 
this  Committee,  especially  NOAA. 

And  also,  Mr.  Michaels'  poignant  comment  about  reading  fine 
print  is  really  true  with  many  of  the  charges  about  whether  or  not 
scientific  research  has  been  cut.  There  are  many  things  that  have 
been  classified  by  scientific  research,  for  example,  in  the  Solar  En- 
ergy Program,  where  no  research  was  cut  but  promotional  activi- 
ties were  cut  that  sometimes  are  labeled  by  others,  for  whatever 
motive,  as  being  cuts  in  scientific  research. 

One  of  the  reasons  that  I  personally  am  skeptical  as  the  Chair- 
man of  the  Subcommittee  and  as  a  Member  of  Congress  and  as  a 
former  journalist,  is  I  remember  very  well  being  beaten  up  in  1980 
by  a  group  of  people  who  held  up  a  report,  like  the  one  you  held 
up,  that  was  called  the  "Global  2000  Report." 

And  I  don't  know  if  anybody  in  this  room  remembers  the  Global 
2000  Report.  But  the  Global  2000  Report  told  us  that  by  now,  all 
of  our  natural  resources  would  be  depleted.  I  mean,  it  was  just — 
an  absolutely  apocal3rptic  disaster  is  at  hand,  and  any  day  now  the 
gasoline  prices  are  going  to  be  up  to  ten  dollars  a  gallon,  and  all 
the  other  natural  resources  will  be  depleted. 

And  that  report  in  which  some,  you  know,  very  respectable  sci- 
entific minds  were  involved,  was  absolutely  wrong.  And  had  we 
based  our  policies  on  that,  we  would  be  worse  off  today  because  of 
it. 

And  so  when  we're  talking  about  issues  that  deal  with  important 
global  and  environmental  predictions,  we've  got  to  make  sure  that 
we're  basing  it  on  not  just  someone  who's  maybe  perhaps  more 
upset  than  we  deserve  to  be  upset. 

I'd  like  to  ask  the  panel  one  last  group  of  questions,  and  this  is 
concerning  this.  And  we'll  try  to  be  done  in  the  next  five  minutes, 
if  we  can.  And  I  know  Dr.  Michaels  has  to  leave. 

And  it  goes  to  the  heart  of  the  issue  as  to  what  we  should  do. 
Because  I  understand  that  the  IPCC  has  been  very  careful  not  to 
use  the  word  "predictions"  for  the  climate  models.  Instead,  they  use 
the  word  "projections." 

Now  this  means  something  to  you  folks,  because  projections  are 
based  on  unvalidated  assumptions. 

Now  is  this  true? 

Dr.  Mahlman.  Yes.  I  think  that  that  is  an  appropriate  distinc- 
tion in  this  case  because  the  climate  model  projections  that  we've 
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been  talking  about  are  making  certain  assumptions  on  the  future 
of  emissions  of  various  things  that  affect  the  cHmate.  And  those  are 
obviously,  by  definition,  extraordinarily  uncertain. 

Scenario  projections  might  even  be  more  accurate  because  we're 
getting  into  two  different  things. 

Mr.  ROHRABACHER.  Well,  we're  talking  about  something  that's  ei- 
ther validated  or  unvalidated  in  terms  of  the  actual  assumptions. 

The  reason  I'm  bringing  this  up,  and  let  me  put  this  to  you,  and 
that  is  that  in  articles  in  the  Wall  Street  Journal  and  the  New 
York  Times,  Washington  Post,  and  all  of  these  have  been  written 
in  the  last  two  months,  but  this  is  true  before,  as  well,  the  word 
"prediction"  is  used. 

Now  isn't  this  misleading?  Isn't  this  something — we,  I've  been 
reading  all  kinds  of  predictions,  as  I  mentioned  in  the  beginning  of 
this  hearing,  that  says  that,  "You  know,  we're  going  to  be  inun- 
dated with,  our  coast  lines  are  going  to  be  inundated,"  that  people 
are  going  to  be  dying  of  malaria.  I  mean  these  were  dire  pre- 
dictions. 

After  this  testimony  today,  I  am  not  leaving  this  hearing  today 
feeling  that  those  predictions  were  justified. 

Dr.  Mahlman.  Well,  I  would  argue  that  those  are  not  "pre- 
dictions;" that  what  they  are  is  "projections"  based  upon  current 
behavior. 

Mr.  ROHRABACHER.  But  they  are  using  the  word  "predictions." 

Dr.  Mahlman.  Well,  all  I  can  say  is  I  agree  with  you.  I  would 
not  use  that  word  because  there's  a  very  uncertain  sociological  sce- 
nario that  is  implicitly  wired  into  those  kind  of  things,  and  what 
we  in  the  climate  modeling  community  are  trying  to  do  is  to  ask 
the  most  intelligent  questions  about  how  we  understand  the  cli- 
mate, and  that's  a  very  different  thing  than  predictions. 

Mr.  ROHRABACHER.  I'll  show  you  why  this  is  important.  In  an 
editorial  in  the  Atlanta  Constitution  on  October  12th,  this  is  one 
of  the  leading  newspapers  in  the  country,  it's  "predicted"  that  Sa- 
vannah, Charleston  and  New  Orleans  will  be  inundated,  you  know, 
unless  there  is  a  massive  seawall  that's  built. 

Now  if  this  society  starts  building  seawalls,  and  then  we  find  out 
and  we  spend  hundreds  of  millions,  if  not  billions  of  dollars  build- 
ing seawalls,  and  they're  not  necessary,  what  we're  not  doing  is 
using  that  money  to  build  bridges  and  to  build  things  that  are,  to 
build  infrastructure  that  is  absolutely  necessary. 

That's  why  the  difference  between  "prediction"  and  "projection"  is 
really  important  because  it  leads  people  to  make  policy  decisions 
like  that. 

Dr.  Michaels.  Mr.  Rohrabacher,  I  would  submit  that  everybody 
who  wrote  the  word  "projection"  knew  that  it  would  be  turned  into 
the  word  "prediction."  I  don't  think  people  are  that  naive. 

And,  as  a  result,  I  would  conclude,  along  with  your  scenario 
about  seawall  building  in  Savannah,  that  if  we  are  not  very,  very 
careful  on  the  issue  of  global  warming,  we  are  going  to  run  the 
credibility  of  American  science  into  the  ground. 

We  have  to  be  very,  very  careful  about  the  difference  between 
scenarios  and  forecasts,  predictions  and  projections,  and  models 
and  reality. 

Mr.  ROHRABACHER.  One  last  note. 
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EPA  recently  released  a  report  making  new  estimates  in  terms 
of  sea  level  rise,  which  are  considerably  lower  than  the  last  esti- 
mates. And  I  understand  that  the  EPA  deliberately  did  not  use 
models  for  this  study. 

And  do  we  know  anything  about  that,  Dr.  Guerrero? 

Mr.  Guerrero.  I'll  take  the  doctor  title,  that's  fine. 

The  EPA  did  not  use,  they  started  with  the  IPCC  model  ranges 
as  essentially,  my  understanding  is,  as  a  strawman,  to  get  a  panel 
of  experts  to  then  come  up  with  what  they  felt  were  the  most  likely 
kinds  of  scenarios  that  they  could  model. 

And  so  the  outcome  was  not  indeed  then,  based  on  the  models 
themselves,  but  based  on  expert  judgment. 

Mr.  ROHRABACHER.  Because  maybe  they  don't  believe  in  the  mod- 
els? 

Mr.  Guerrero.  Well,  they  admit  that  the  models  have  some  limi- 
tations. It's  not  that  they  don't  believe  them  so  much  is  that  they 
recognize  their  limitations,  and  the  EPA  felt  that  they  needed  to 
present  the  full  range  of  probabilities  associated  with  sea  level  rise. 

Which  brings  me  to  the  earlier  point  that  you  were  making,  is 
that  I  think  when  the  Atlanta  Constitution  and  others  called  these 
kinds  of  estimates  "predictions,"  they  are  indeed  perhaps  exagger- 
ating the  case  because  there's  a  high  degree  of  uncertainty  with  all 
these  events. 

And  presenting  a  probability  range  of  events  is  more  important, 
and  that's  what  the  EPA  tried  to  do.  And  I  think  when  they  talk 
this  afternoon  on  impacts,  they'll  explain  why  they  chose  that  par- 
ticular approach. 

Mr.  ROHRABACHER.  I'd  like  to  thank  all  the  members  of  our  first 
panel,  and  let  me  just  note  just  one  little  thing  that  Dr.  Michaels 
said  earlier  might  have  escaped  many  of  us  in  the  room,  but  it 
didn't  escape  me. 

And  that  is  that  if,  a  hundred  years  ago,  we  were  actually  trjdng 
to  calculate  what  was  going  to  happen  in  the  future,  we'd  be  cal- 
culating that  Washington,  D.C.  would  be,  and  all  of  our  major  cities 
would  be  destroyed  by  bacteria  that  was  created  by  huge  mounts 
of  horse  manure.  And  mankind  has  a  way  of  adapting  and  has  a 
way  of  developing  new  technologies  that  I  believe  may  well,  if  there 
is  a  global  warming  problem,  may  well  change  the  scenarios,  even 
without  massive  government  intervention  in  just  the  way  things 
are  made  more  efficient. 

There  are  people  today  who  are  developing  fuel  additives  that  I 
know  about,  and  that  we  will  hold  hearings  on  in  this  subcommit- 
tee that  make  the  gasoline  engine  dramatically  more  efficient.  And 
that  in  itself  will  have  a  major  impact  that  will  be  calculated  per- 
haps ten  years  down  the  road. 

We're  not  sure  if  solar  energy,  and  we've  had  some  great  re- 
search going  into  solar  energy.  And,  again,  this  chairman  has  sup- 
ported solar  energy  research,  and  we've  seen  some  real  progress  in 
that  in  the  last  few  years. 

So  just  a  bit  of  optimism.  Quite  often  what  I  hear  at  the  end  of 
some  of  these  hearings  is  that  everybody  should  just  give  up  and 
we  might  as  well  go  home  because  the  world  is  going  to  end.  And 
there's  a  lot  of  reasons  for  optimism,  as  well.  And  we'll  talk  more 
about  that  with  the  next  panel. 
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And  I  especially  want  to  thank  each  and  every  member  of  the 
panel  today,  and  thank  you  for  your  time  and  your  patience.  And 
I  think  everyone  enjoyed  your  testimony. 

What  we're  going  to  do  now  is  I  think  what  we're  going  to  do  is 
have  a  break  for  lunch,  rather  than  basically,  or  maybe  I  should 
wait,  we'll  wait  until  the  first  vote,  and  then  at  the  first  vote,  we'll 
break  for  a  lunch  period  at  that  time. 

So  thank  you  very  much.  We'll  have  the  next  panel  on  imme- 
diately. 

Mr.  ROHRABACHER.  I've  been  informed  that  we  are  on  the  edge 
of  a  recorded  vote,  and  rather  than  start — there  we  go.  Why  don't 
we  go  ahead  and  do  the  necessary  votes,  and  come  back  in  half  an 
hour,  which  is  at  15  minutes  to  1:00,  and  that  gives  everybody  time 
to  grab  a  sandwich. 

Thank  you  very  much. 

[Whereupon,  at  12:15  p.m.,  the  Subcommittee  was  recessed,  to 
reconvene  the  same  day,  Thursday,  November  16,  1995,  at  12:45 
p.m.,  in  the  same  place.] 

AFTERNOON  SESSION 

[1:00  p.m.] 

]V[r.  ROHRABACHER.  This  subcommittee  is  called  to  order. 

Our  second  panel  will  address  the  potential  impact  of  global  cli- 
mate change. 

We  have  with  us  Dr.  Robert  Watson,  Associate  Director  of  Envi- 
ronment for  the  White  House  Office  of  Science  and  Technology.  Dr. 
Watson. 

And  Dr.  William  Nierenberg,  Director  Emeritus  of  the  Scripps 
Institute  of  Oceanography  in  San  Diego. 

David  Gardiner  who  serves  in  the  policy  office  of  the  Environ- 
mental Protection  Agency,  and  coordinated  the  recent  EPA  study 
of  sea  level  rise,  as  well  as  Dr.  Thomas  Gale  Moore,  Senior  Fellow 
at  Hoover  Institution,  Stanford  University. 

Also  with  us  is  Dr.  Robert  Corell,  Assistant  Director  of  Geo- 
sciences  for  the  National  Science  Foundation,  and  chairman  of  the 
Subcommittee  on  Global  Change  Research. 

I  would  like  to  thank  you  all  for  being  with  us  today.  I  would 
like,  if  possible,  if  you  could  summarize  your  remarks  in  terms  of 
five  minutes.  That  would  be  very  helpful,  because  we  then — we  be- 
lieve in  a  dialogue.  We  will  have  a  dialogue  between  you,  as  well 
as  a  dialogue  with  the  Members  of  Congress  and  the  Members  of 
this  subcommittee. 

Dr.  Watson,  welcome  back.  Good  to  see  you  again,  and  would  you 
like  to  proceed  first. 

STATEMENT  OF  DR.  ROBERT  T.  WATSON,  CO-CHAIR  WORKING 
GROUP  NUMBER  II,  INTERGOVERNMENTAL  PANEL  ON  CLI- 
MATE CHANGE  AND  ASSOCIATE  DIRECTOR  OF  ENVIRON- 
MENT, OFFICE  OF  SCIENCE  AND  TECHNOLOGY  POLICY,  EX- 
ECUTIVE OFFICE  OF  THE  PRESIDENT 

Dr.  Watson.  Thank  you,  Mr.  Chairman. 

I  greatly  appreciate  being  given  the  opportunity  to  testify  before 
you  and  your  subcommittee  today.  Today  I  am  testifying  in  my  ca- 
pacity as  the  Co-Chair  of  IPCC  Working  Group  II. 
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Hundreds  of  scientists  from  academia,  government  laboratories, 
environmental  organizations,  industry,  and  business  representing 
more  than  50  developed  and  developing  countries  were  involved  in 
preparation  of  this  report. 

Let  me  first,  however,  summarize  the  background  of  the  science 
that  you  heard  this  morning,  which  was  the  underpinning  of  this 
report. 

The  earth's  climate  is  changing.  The  earth's  surface  temperature 
has  increased  by  half  a  degree  centigrade  over  the  last  century  and 
the  last  couple  of  decades  are  the  hottest  this  century. 

There  is  absolutely  no  doubt  that,  since  the  pre-industrial  era, 
human  activities  have  significantly  increased  the  atmospheric  con- 
centrations of  greenhouse  gases,  which  tend  to  warm  the  atmos- 
phere, and  in  some  regions  sulfate  aerosols  which  tend  to  cool  the 
atmosphere. 

Climate  models  that  take  into  account  these  increases  in  both 
greenhouse  gases  and  sulfate  aerosols  simulate  the  observed  tem- 
perature quite  well,  suggesting  that  human  activities  are  impli- 
cated in  the  observed  changes  in  the  Earth's  climate. 

There  is  no  doubt  that  climate  will  change.  It  is  a  question  of 
where,  when,  and  by  how  much.  IPCC  WorMng  Group  II-l  models 
project  that  global  mean  surface  temperature  could  increase  be- 
tween 1  and  3.5  degrees  Centigrade  by  2100,  and  it  will  be  accom- 
panied by  a  sea  level  rise  of  15  to  95  centimeters,  with  even  larger 
changes  thereafter. 

Hence,  we  expect  the  incidence  of  extreme  high  temperature 
events,  floods,  and  droughts  to  increase  in  some  regions. 

While  we  recognize  that  the  reliability  of  regional  scale  pre- 
dictions is  still  low,  this  does  not  preclude  an  assessment  of  the 
sensitivity  of  human  health,  ecological  and  social  economic  systems 
to  changes  in  climate. 

Working  Group  II  primarily  focused  on  assessing  the  sensitivity 
of  these  systems  to  changes  in  temperature  and  rainfall.  This  iso- 
lates the  uncertainty  in  the  impacts'  analysis  from  uncertainties  in 
regional  projections  of  climate  change. 

Let  me  quickly  discuss  the  implications  of  climate  change. 

We  believe  there  is  a  new  and  additional  stress  on  many  ecologi- 
cal and  socioeconomic  systems;  that  most  systems  are  sensitive  to 
both  the  magnitude  and  the  timing  and  rate  of  climate  change; 
that  developing  countries  are  more  vulnerable  to  climate  change 
than  developed  countries,  and  unexpected  changes  cannot  be  ruled 
out. 

With  respect  to  human  health,  we  believe  most  of  the  effects  will 
be  adverse  with  significant  loss  of  life.  Direct  health  effects  include 
increases  in  mortality  and  illnesses  due  to  the  anticipated  increase 
in  the  intensity  and  duration  of  heat  waves. 

We  believe  the  indirect  effects  are  such  there  will  be  increases 
in  the  potential  transmission  of  vector-borne  diseases  such  as  ma- 
laria, dengue,  and  yellow  fever,  and  there  could  be  some  increases 
in  nonvector-borne  infectious  diseases  such  as  cholera. 

With  respect  to  food,  we  believe  that  global  agricultural  produc- 
tion could  well  be  maintained  in  a  double  C02  world.  However, 
crop  yields  and  productivity  due  to  climate  change  will  vary  consid- 
erably across  regions  and  localities. 
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While  the  productivity  is  projected  to  increase  in  some  areas, 
such  as  Canada  and  parts  of  North  America  and  Russia,  it  is  pro- 
jected to  decrease  in  others,  especially  the  topics  and  subtropics. 

Therefore,  there  may  be  an  increased  risk  of  hunger  and  famine, 
especial  in  the  tropics  and  subtropics  where  many  of  the  world's 
poorest  people  live. 

The  composition  and  geographic  distribution  of  many  ecosystems 
will  shift,  and  therefore  there  will  be  reductions  in  biological  diver- 
sity and  in  the  goods  and  services  ecosystems  provide  society. 

Models  "project,"  not  "predict" 

[Laughter.] 

Dr.  Watson,  [continuing]  — that  as  a  consequence  of  projected 
changes  in  climate  under  a  double  C02  world,  one-third  of  the  ex- 
isting forest  area  of  the  world  will  undergo  major  changes  in  vege- 
tation type. 

We  believe  that  the  expected  or  projected  climate  change  will 
occur  at  a  rate  rapid  to  which  the  speed  at  which  forest  species 
grow,  reproduce,  and  re-establish  themselves.  Therefore,  species 
composition  of  impacted  forests  are  likely  to  change.  Entire  forest 
systems  may  disappear,  while  new  assemblages  of  species  and 
hence  new  forest  ecosystems  may  be  established. 

Today,  46  million  people  per  year  are  at  risk  of  flooding  due  to 
storm  surges.  A  one-meter  sea  level  rise  would  increase  this  num- 
ber to  118  million  people. 

In  addition,  a  1  meter  sea  level  rise  is  projected  to  result  in  land 
losses  that  range  from  1  percent  for  Egypt,  6  percent  for  the  Neth- 
erlands, 17.5  percent  for  Bangladesh,  to  as  much  as  80  percent  of 
the  IMarshall  Islands,  thus  displacing  millions  of  people. 

That  is  the  side  of  the  impact. 

Can  we  do  anything  about  it?  The  answer  is,  yes,  we  can  do 
things  about  it  and  in  a  cost-effective  way.  It  does  not  have  to  be 
expensive,  as  suggested  by  Jerry  IMarman  of  the  first  panel. 

IPCC  Working  Group  II  concluded  that  significant  reductions  in 
greenhouse  gas  emissions  are  technically  possible  and  can  be  eco- 
nomically feasible.  By  utilizing  an  extensive  array  of  technologies 
and  policy  measures  together,  they  accelerate  technology  develop- 
ment, diffusion,  and  transfer  in  all  sectors. 

For  example,  numerous  studies  have  indicated  a  10  to  30  percent 
energy  efficiency  gain  above  present  levels  are  feasible  at  little  or 
no  cost  in  many  parts  of  the  world  over  the  next  two  to  three  dec- 
ades in  industry,  buildings  and  transportation  sectors. 

It  is  also  technically  possible  to  realize  deep  emissions  reductions 
in  the  energy  supply  sector  in  step  with  the  normal  timing  of  in- 
vestments to  replace  infrastructure  and  equipment  as  it  wears  out 
or  becomes  obsolete.  That  is  to  say,  no  premature  retirement  of 
capital  stock. 

Promising  approaches  obviously  include  more  efficient  conversion 
of  fossil  fuels  from  30  to  60  percent  in  the  world's  power  plants; 
switching  to  low-carbon  fossil  fuels;  decarbonization  of  fuels  fol- 
lowed by  carbon  dioxide  storage;  nuclear  energy;  and,  most  impor- 
tant, a  switch  to  renewable  fuels. 

Policies  are  available  to  governments  that  can  facilitate  that  pen- 
etration of  these  less-greenhouse-intensive  technologies  and  can 
help  modify  consumption  patterns. 
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We  believe  that  these  poHcies  will  be  more  easily  implemented 
and  accepted  when  they  are  also  designed  to  simultaneously  ad- 
dress other  environmental  issues  such  as  air  pollution  and  soil  ero- 
sion. 

They  go  all  the  way  from  voluntary  programs  and  negotiated 
agreements  with  industry;  utility  demand-side  programs;  tradeable 
emissions  permits  to  make  it  most  cost-  effective;  and  many  others. 

One  crucial  issue,  though,  is  also  stimulating  research,  develop- 
ment and  demonstration  of  new  technologies. 

In  conclusion,  policymakers  are  faced  with  responding  to  the 
risks  posed  by  the  anthropogenic  emissions  of  greenhouse  gases  in 
the  face  of  significant  scientific  uncertainties.  However,  these  un- 
certainties must  be  considered  in  the  context  that  climate-induced 
environmental  changes  cannot  be  reversed  quickly,  if  at  all,  due  to 
the  long  time  scales,  decades  to  millennia  associated  with  the  cli- 
mate system. 

We  also  noted  that  decisions  taken  during  the  next  few  years 
may  limit  the  range  of  possible  policy  options  in  the  future  because 
high  near-term  emissions — that  is  to  say,  today  and  the  next  few 
decades — would  require  deep  reductions  in  the  future  to  meet  any 
given  target  concentration. 

Therefore,  we  deduce  that  delay  in  action  might  reduce  the  over- 
all cost  of  mitigation  because  of  potential  technological  advances, 
but  it  could  also  increase  both  the  rate  and  eventual  magnitude  of 
climate  change,  and  hence  the  adaptation  and  damage  costs. 

Therefore,  uncertainty  does  not  mean  a  nation  or  the  world  com- 
munity cannot  position  itself  better  to  cope  with  the  broad  range 
of  possible  climate  changes,  or  to  protect  itself  against  potentially 
costly  future  outcomes. 

Delay  in  such  measures  may  actually  leave  the  Nation  or  the 
world  poorly  prepared  to  deal  with  the  adverse  changes  and  may 
increase  the  possibility  of  irreversible  or  very  costly  damages. 

While  human-induced  climate  changes 

Mr.  ROHRABACHER.  Dr.  Watson 

Dr.  Watson,  [continuing]  — are  a  serious  environmental 
issue 

Mr.  ROHRABACHER.  Dr.  Watson 


Dr.  Watson.  One  more  sentence? 

Mr.  ROHRABACHER.  All  right. 

Dr.  Watson.  Fine.  I'll  give  you  two  sentences. 

— a  coordinated  attack  on  the  climate  change  issue  by  the  science 
community,  industry,  business,  environmental  organizations,  and 
governments  all  working  towards  a  common  goal  of  the  cost-effec- 
tive protection  of  human  health  and  vital  ecological  systems  is 
within  our  grasp. 

Thank  you. 

[The  prepared  statement  and  attachments  of  Dr.  Watson  follow:] 
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Statement  of 

Dr.  Robert  T.  Watson 

Co-Chair  Working  Group  n 

Intergovernmental  Panel  on  Climate  Change 

and 

Associate  Director  of  Environment 

Office  of  Science  and  Technology  Policy 

Executive  Office  of  the  President 

before  the 

Subcommittee  on  Energy  and  the  Environment 

Committee  on  Science 

United  States  House  of  Representatives 

November  16,  1995 

Mr.  Chairman  and  Members  of  the  Sub-committee: 

I  greatly  appreciate  being  given  the  opportunity  to  present  the  latest  scientific  findings  of  the 
international  scientific  community  to  you  and  your  subcommittee.  Today  I  am  testifying  in  my 
capacity  as  the  co-chair  of  Working  Group  U  of  the  Intergovernmental  Panel  on  Climate  Change 
(IPCC).  Working  Group  n  of  the  IPCC  reviewed  the  state  of  knowledge  concerning  the  impacts 
of  climate  change  on  human  health,  ecological  systems,  and  socio-economic  sectors,  including 
agriculture,  forestry,  fisheries,  water  resources,  and  human  settlements.  The  Panel  also  assessed 
the  technical  and  economic  feasibility  of  a  range  of  adaptation  and  mitigation  strategies.  The 
mitigation  strategies  assessed  included  approaches  to  reduce  emissions  and  enhance  sinks  of 
greenhouse  gases  from  a  wide  range  of  sectors  including  energy  supply  and  demand,  industry, 
transportation,  and  agriculture  and  forestry. 

This  assessment  is  one  of  a  series  of  international  scientific  assessments  conducted  by  the 
Intergovernmental  Panel  on  Climate  Change  (IPCC)  under  the  auspices  of  the  World 
Meteorological  Organization  and  the  United  Nations  Environment  Programme.  The  first 
assessment  report  was  released  in  1990,  with  special  issues  on  selected  topics  in  1992  and  1994. 
Annex  I  briefly  describes  the  IPCC  reports,  process  and  structure. 

My  testimony  represents  the  views  of  the  large  majority  of  the  international  scientific  community 
from  academia,  government  laboratories,  environmental  organizations  and  industry.  Hundreds  of 
scientists,  from  more  than  50  developed  and  developing  countries,  have  been  involved  in  the 
preparation  of  this  assessment.  This  assessment,  which  was  formally  accepted  by  governments  at 
a  meeting  in  Montreal,  Canada  in  October,  was  extensively  peer-reviewed  by  scientific  experts  and 
by  governments.  The  Summary  for  Policymakers  (SPM)  was  written  by  the  chapter  chairs,  peer- 
reviewed  by  scienfific  experts  and  governments,  and  then  approved  verbatim  by  government 
representafives.  The  process  which  was  used  to  prepare  and  review  the  IPCC  Working  Group  n 
assessment,  and  its  SPM,  is  described  in  Annex  II.  The  SPM  is  included  verbatim  in  my 
testimony  in  Annex  HI. 

Part  I:  Human  Activities  are  Implicated  in  Changes  in  the  Earth's  Climate 

Before  summarizing  the  key  findings  from  Working  Group  11  let  me  first  summarize  the  present 
state  of  understanding  of  the  climate  system. 

The  Earth's  climate  has  been  relatively  stable  during  the  past  10,000  years,  the  time  during  which 
modem  society  has  evolved,  and  largely  adapted  to  the  prevailing  local  climate  and  its  natural 
variability.  However,  the  Earth's  climate  is  now  changing.  The  Earth's  surface  temperature  this 
century  is  warmer  than  any  other  century  during  the  last  thousand  years;  the  Earth's  surface 
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temperature  has  increased  by  about  half  a  degree  centigrade  over  the  last  century;  the  last  few 
decades  have  been  the  hottest  this  century;  and  this  year  may  be  the  hottest  on  record. 

The  atmospheric  concentrations  of  greenhouse  gases  have  increased  since  the  beginning  of  the  pre- 
industrial  era  due  to  human  activities;  carbon  dioxide  by  about  30%,  methane  by  more  3ian  a  factor 
of  two,  and  nitrous  oxide  by  about  15%.  Their  concentrations  are  higher  now  than  at  any  time 
during  the  last  160,000  years,  the  period  for  which  there  is  reliable  ice-core  data,  and  probably 
significantly  longer.  In  addition,  the  atmospheric  concentrations  of  sulfate  aerosols  have  also 
increased  this  century.  Greenhouse  gases  tend  to  warm  the  atmosphere  and,  in  some  regions, 
aerosols  tend  to  cool  the  atmosphere. 

Theoretical  models  that  take  into  account  the  observed  increases  in  the  atmospheric  concentrations 
of  greenhouse  gases  and  sulfate  aerosols  simulate  quite  well  the  observed  changes  in  both  surface 
temperature  and  vertical  temperature  distribution.  This  suggests  that  human  activities  are 
implicated  in  the  observed  changes  in  the  Earth's  climate. 

Based  on  the  estimated  range  of  climate  sensitivities  and  plausible  ranges  of  greenhouse  gas  and 
sulfur  dioxide  emissions  (IPCC  IS  92),  climate  models  project  that  the  global  mean  surface 
temperature  could  increase  by  1  to  3.5°C  by  2100.  These  projected  global-average  temperature 
changes  would  be  greater  than  recent  natural  fluctuations,  would  also  occur  at  a  rate  significantly 
faster  than  observed  changes  over  the  last  10,000  years,  and  would  result  in  temperatures  higher 
than  those  during  the  medieval  warm  period  and  the  Holocene  period  of  6000  years  ago. 
Associated  with  these  estimated  changes  in  temperature,  sea  level  is  projected  to  increase  by  15  - 
95  cm  by  2100,  caused  primarily  by  thermal  expansion  of  the  oceans  and  the  melting  of  glaciers. 

Model  calculations  show  that  evaporation  will  be  enhanced  as  the  climate  warms,  and  that  there 
will  be  an  increase  in  global  mean  precipitation  and  an  increase  in  the  frequency  of  intense  rainfall. 
However,  not  all  land  regions  will  experience  an  increase  in  precipitation,  and  even  those  land 
regions  with  increased  precipitation  may  experience  decreases  in  soil  moisture,  because  of 
enhanced  evaporation.  Seasonal  shifts  in  precipitation  are  also  projected.  In  general,  precipitation 
is  projected  to  increase  at  middle  to  high  latitudes  in  winter,  and  soil  moisture  is  projected  to 
decrease  in  some  mid-latitude  continental  regions  during  summer. 

The  incidence  of  extreme  temperature  events,  floods,  droughts,  fires  and  pest  outbreaks  is 
expected  to  increase  in  some  regions,  but  it  is  unclear  whether  there  will  be  changes  in  the 
frequency  and  intensity  of  extreme  weather  events  such  as  tropical  storms,  cyclones,  and 
tornadoes. 

While  the  reliability  of  regional  scale  predictions  is  still  low,  this  does  not  preclude  an  assessment 
of  the  sensitivity  of  human  health,  ecological  systems  and  socio-economic  sectors  to  changes  in 
climate.  IPCC  Working  Group  n  primarily  focused  on  evaluating  the  sensitivity  and  vulnerability 
of  these  systems  to  climate  variability  and  changes  in  climate,  e.g.,  it  assessed  how  agricultural 
productivity  would  change  as  a  result  of  an  increase  in  temperature  or  a  change  in  rainfall.  This 
approach  isolates  the  uncertainty  in  impacts  analysis  from  uncertainties  in  regional  projections  of 
future  cUmate.  The  lead  authors  reviewed  and  synthesized  conclusions  in  the  hterature  regarding 
thresholds  and  sensitivities  of  their  systems  to  changes  in  climate  variables.  The  response  of  a 
system  to  observed  variability  or  an  assumed  change  is  determined  through  examination  of 
laboratory  and  in  situ  studies.  The  assessment  also  examined  the  sensitivity  of  systems  with 
respect  to  changes  in  climatic  extremes,  the  effects  of  multiple  environmental  and  anthropogenic 
stresses,  the  effects  of  different  rates  of  change,  and  effects  of  other  factors  that  would  affect 
adaptation  strategies. 
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Part  II:  Human  Health.  Ecological  systems,  and  Socio-economic  Sectors  are 

all  Vulnerable  to  Climate  Change 

IPCC  Working  Group  U  concluded  that  human-induced  climate  change  is  an  important  new  stress, 
particularly  on  ecological  and  socio-economic  systems  that  are  already  affected  by  pollution, 
increasing  resource  demands,  and  non-sustainable  management  practices.  They  noted  that  most 
systems  are  sensitive  to  both  the  magnitude  and  rate  of  climate  change,  but  many  of  the  impacts  are 
difficult  to  quantify  because  existing  studies  are  limited  in  scope.  They  also  noted  that  successful 
adaptation  depends  upon  technological  advances,  institutional  arrangements,  availabihty  of 
financing  and  information  exchange,  and  that  vulnerability  increases  as  adaptation  capacity 
decreases. 

Let  me  now  briefly  discuss  the  implications  of  climate  change  for  a  representative  number  of 
systems,  i.e.,  human  health,  food  security,  natural  ecosystems,  and  human  habitats. 

Human  Health 

Climate  change  is  likely  to  have  wide-ranging  and  mostly  adverse  impacts  on  human  health,  with 
significant  loss  of  life.  These  impacts  would  arise  by  both  direct  and  indirect  pathways.  Direct 
health  effects  include  increases  in  (predominantly  cardiorespiratory)  mortality  and  illness  due  to  an 
anticipated  increase  in  the  intensity  and  duration  of  heat  waves.  Indirect  effects  of  cUmate  change 
include  increases  in  the  potential  transmission  of  vector-bome  infectious  diseases  (e.g.,  malaria, 
dengue,  yellow  fever,  and  some  viral  encephalitis)  resulting  from  extensions  of  the  geographical 
range  and  season  for  vector  organisms.  This  could  lead  to  potential  increases  in  malaria  incidence 
of  the  order  of  50-80  million  additional  annual  cases,  primarily  in  tropical,  subtropical,  and  less 
well-protected  temperate-zone  populations.  Some  increases  in  non-vector-bome  infectious 
diseases — such  as  salmonellosis,  cholera,  and  giardiasis — also  could  occur  as  a  result  of  elevated 
temperatures  and  increased  flooding. 

Food  Security 

Existing  studies  show  that  on  the  whole,  global  agricultural  production  could  be  maintained  relative 
to  baseline  production  in  the  face  of  climate  change  under  doubled  equivalent  CO2  equilibrium 
conditions.  However,  crop  yields  and  changes  in  productivity  due  to  climate  change  will  vary 
considerably  across  regions  and  among  localities,  thus  changing  the  patterns  of  production. 
Productivity  is  projected  to  increase  in  some  areas  and  decrease  in  others,  especially  the  tropics  and 
subtropics.  Therefore,  there  may  be  increased  risk  of  hunger  and  famine  in  some  locations  in  the 
tropics  and  subtropics  where  many  of  the  world's  poorest  people  live. 

Natural   Ecosystems 

The  composition  and  geographic  distribution  of  many  ecosystems  will  shift  as  individual  species 
respond  to  changes  in  climate,  and  there  will  likely  be  reductions  in  biological  diversity,  and  in  the 
goods  and  services  ecosystems  provide  society,  e.g.,  sources  of  food,  fibre,  medicines,  recreation 
and  tourism,  and  ecological  services  such  as  controlling  nutrient  cycling,  waste  quality,  water  run- 
off, and  soil  erosion.  Models  project  that  as  a  consequence  of  possible  changes  in  temperature  and 
water  availabihty  under  doubled  equivalent-carbon  dioxide  equihbrium  conditions,  a  substantial 
fraction  (a  global  average  of  one-third,  varying  by  region  from  one-seventh  to  two-thirds)  of  the 
existing  forested  area  of  the  world  will  undergo  major  changes  in  broad  vegetation  types.  Climate 
change  is  expected  to  occur  at  a  rapid  rate  relative  to  the  speed  at  which  forest  species  grow, 
reproduce  and  re-estabhsh  themselves.  Therefore,  species  composition  of  impacted  forests  is 
likely  to  change,  and  entire  forest  types  may  disappear  while  new  assemblages  of  species  and 
hence  new  forest  ecosystems  may  be  established.  Coral  reefs  are  the  most  biologically  diverse 
marine  ecosystems.  Sustained  increases  in  water  temperatures  of  3-4  ^C  above  seasonal  high 
average  temperatures  can  cause  significant  coral  mortaUty;  short-term  increases  on  the  order  of  only 
1-2  ^'C  can  cause  "bleaching",  leading  to  reef  destruction. 


85 


Human  Habitat 

Sea-level  rise  will  increase  the  vulnerability  of  coastal  populations  to  flooding.  Model  estimates 
put  about  46  million  people  per  year  currently  at  risk  of  flooding  due  to  storm  surges;  a  50  cm 
sea-level  rise  would  increase  this  number  to  about  92  million;  a  1  meter  sea-level  rise  would 
increase  this  number  to  118  million.  The  estimates  will  be  substantially  higher  if  one  incorporates 
population  growth  projections.  A  number  of  studies  have  shown  that  small  islands  and  delta  areas 
are  particularly  vulnerable  to  a  one-meter  sea-level  rise.  Land  losses  ranged  from  0.05%  m 
Uruguay,  1.0%  for  Egypt,  6%  for  Netheriands,  17.5%  for  Bangladesh,  to  about  80%  of  the 
Marshall  Islands,  displacing  tens  of  millions  of  people. 

PART  III;      Technical  Options  Exist  to  Reduce  Emissions  and  Enhance  Sinks  of 
Greenhouse   Gases 

Significant  reductions  in  greenhouse  gas  emissions  are  technically  possible  and  can  be 
economically  feasible.  These  reductions  can  be  achieved  by  utilizing  an  extensive  array  of 
technologies  and  policy  measures  that  accelerate  technology  development,  diffusion,  and  transfer 
in  all  sectors,  including  the  energy,  industry,  transportation,  residential/commercial,  and 
agricultural/forestry  sectors. 

Energy  Demand 

Numerous  studies  have  indicated  that  it  is  possible  to  reduce  energy  demand:  that  10-30%  energy 
efficiency  gains  above  present  levels  are  feasible  at  little  or  no  net  cost  in  many  parts  of  the  world 
through  technical  conservation  measures  and  improved  management  practices  over  the  next  2  to  3 
decades.  Using  technologies  that  presently  yield  the  highest  output  of  energy  services  for  a  given 
input  of  energy,  efficiency  gains  of  50-60%  would  be  technically  feasible  in  many  countries  over 
the  same  time  period.  Achieving  these  potentials  will  depend  on  future  cost  reductions,  financing 
and  technology  transfer,  as  well  as  measures  to  overcome  a  variety  of  non-technical  barriers. 

Energy    Supply 

It  is  technically  possible  to  realize  deep  emissions  reductions  in  the  energy  supply  sector  in  step 
with  the  normal  timing  of  investments  to  replace  infrastructure  and  equipment  as  it  wears  out  or 
becomes  obsolete.  Promising  approaches,  not  ordered  according  to  priority,  include:  more-efficient 
conversion  of  fossil  fuels;  switching  to  low-carbon  fossil  fuels  and  suppressing  emissions; 
decarbonization  of  flue  gases  and  fuels  and  carbon  dioxide  storage;  switching  to  non-fossil  fuel 
sources  of  energy  such  as  nuclear  energy  or  renewable  fuels.  Technological  advances  offer  new 
opportunities  and  declining  costs  for  energy  from  these  sources. 

Agriculture  and  Forestry 

Beyond  the  use  of  biomass  ftiels  to  displace  fossil  fuels,  the  management  of  forests,  agricultural 
lands,  and  rangelands  can  play  an  important  role  in  reducing  current  emissions  of  carbon  dioxide, 
methane,  and  nitrous  oxide  and  enhancing  carbon  sinks.  A  number  of  measures  could  conserve 
and  sequester  substantial  amounts  of  carbon  (approximately  an  additional  60-90  GtC  in  the  forestry 
sector  alone)  over  the  next  50  years.  In  the  forestry  sector,  costs  for  conserving  and  sequestering 
carbon  in  biomass  and  soil  are  estimated  to  range  widely  but  can  be  competitive  with  other 
mitigation  options. 

Policy   Instruments 

Policies  are  available  to  governments  that  facilitate  the  penetration  of  less  greenhouse  gas-intensive 
technologies  and  modified  consumption  patterns.  Many  countries  have  extensive  experience  with  a 
variety  of  policies  that  can  accelerate  the  adoption  of  such  technologies.  This  experience  comes 
from  efforts  over  the  past  20  to  30  years  to  achieve  improved  energy  efficiency,  reduce  the 
environmental  impacts  of  agricultural  policies,  and  meet  conservation  and  environmental  goals 
unrelated  to  climate  change.  Policies  to  reduce  net  greenhouse  gas  emissions  appear  more  easily 
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implemented  when  they  are  designed  to  address  other  environmental  concerns  (e.g.  air  pollution, 
and  soil  erosion).  These  policies  include:  (i)  voluntary  programs  and  negotiated  agreements  with 
industry;  (ii)  utility  demand-side  management  programs;  (iii)  tradable  emissions  permits;  (iv) 
energy  pricing  strategies — for  example,  carbon  or  energy  taxes,  and  reduced  energy  subsidies;  (v) 
renewable  energy  incentives  during  market  build-up;  (vi)  incentives  such  as  provisions  for 
accelerated  depreciation  and  reduced  costs  for  consumers;  (vii)  reducing  or  removing  other 
subsidies,  for  example  agricultural  and  transport  subsidies,  which  increase  greenhouse  gas 
emissions;  (viii)  regulatory  programs  including  minimum  energy-efficiency  standards,  such  as  for 
appliances  and  fuel  economy;  (ix)  stimulating  research,  development,  and  demonstration  to  make 
new  technologies  available. 

PART  IV:      Conclusion 

Policymakers  are  faced  with  responding  to  the  risks  posed  by  anthropogenic  emissions  of 
greenhouse  gases  in  the  face  of  significant  scientific  uncertainties.  They  should  note  though,  that 
uncertainties  go  in  two  directions,  i.e.,  the  models  may  be  either  over-estimating  or  under- 
estimating the  impact  of  human  activities  on  the  Earth's  cUmate.  In  addition,  policymakers  should 
consider  these  uncertainties  in  the  context  of  information  indicating  that  climate-induced 
environmental  changes  caimot  be  reversed  quickly,  if  at  all,  due  to  the  long  time  scales  (decades  to 
millennia)  associated  with  the  cUmate  system.  Decisions  taken  during  the  next  few  years  may  Umit 
the  range  of  possible  policy  options  in  the  future  because  high  near-term  emissions  would  require 
deeper  reductions  in  the  future  to  meet  any  given  target  concentration.  Delaying  action  might  reduce 
the  overall  costs  of  mitigation  because  of  potential  technological  advances  but  could  increase  both 
the  rate  and  the  eventual  magnitude  of  climate  change,  and  hence  the  adaptation  and  damage  costs. 

Policymakers  will  have  to  decide  to  what  degree  they  want  to  take  precautionary  measures  by 
mitigating  greenhouse  gas  emissions  and  enhancing  the  resilience  of  vulnerable  systems  by  means 
of  adaptation.  Uncertainty  does  not  mean  that  a  nation  or  the  world  community  cannot  position 
itself  better  to  cope  with  the  broad  range  of  possible  climate  changes  or  protect  against  potentially 
costly  future  outcomes.  Delaying  such  measures  may  leave  a  nation  or  ^e  world  poorly  prepared 
to  deal  with  adverse  changes  and  may  increase  the  possibility  of  irreversible  or  very  costly 
consequences. 

While  human-induced  climate  change  is  a  serious  environmental  issue,  it  is  also  clear  that  improved 
scientific  knowledge  and  technological  advances,  coupled  with  strong  policy  measures,  can  allow 
society  to  significantly  reduce  greenhouse  gas  emissions  in  a  cost-effective  manner.  However,  to 
achieve  this  goal  will  require  that  a  priority  be  placed  on  research  and  development  in  a  number  of 
areas:  (i)  an  improved  understanding  of  how  human  activities  change  climate  at  the  regional  scale; 
(ii)  an  improved  understanding  of  how  human  health,  ecological  and  socio-economic  systems 
respond  to  changes  in  climate;  (iii)  the  development  of  cost-effective  adaptation  strategies;  and  (iv) 
the  development  of  improved  energy  efficiency  technologies  and  low  greenhouse  gas  emission 
energy  supply  technologies.  A  coordinated  effort  to  address  the  climate  change  issue  by  the 
scientific  community,  industry,  business,  environmental  organizations  and  governments,  all 
working  towards  the  common  goal  of  the  cost-effective  protection  of  human  health  and  our  vital 
economic.and  ecological  systems,  is  within  our  grasp. 
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Annex  I 

Background  Information 

on  the 

Intergovernmental  Panel  on  Climate  Change 

The  Intergovernmental  Panel  on  Climate  Change  (IPCC)  was  estabUshed  in  1988  by  the  United 
Nations  Environment  Programme  (UNEP)  and  the  World  Meteorological  Organization  (WMO).  Its 
purpose  is  to  assess  scientific  and  technical  information  about  climate  change. 

Previous    Reports 

In  the  7  years  since  its  inception,  the  IPCC  has  prepared  a  series  of  reports  and  methodologies, 
including: 

•  The  1990  comprehensive  three- volume  assessment  of  climate  change,  which  evaluated 
anthropogenic  alteration  of  the  climate  system,  potential  impacts,  and  available  response 
measures  (IPCC,  1990).  This  report  became  a  standard  reference,  widely  used  by 
policymakers,  scientists,  and  other  experts. 

•  A  supplementary  review  of  literature  related  to  climate  change,  impacts,  and  response 
measures  prepared  for  the  U.N.  Conference  on  Environment  and  Development  (UNCED) 
(IPCC,  1992). 

•  A  special  report  on  radiative  forcing  of  climate  and  greenhouse  gas  emissions  scenarios, 
produced  for  the  first  meeting  of  the  Conference  of  Parties  to  the  U.N.  Framework 
Convention  on  Climate  Change  (UNFCCC)  (IPCC,  1994a). 

•  The  IPCC  methodology  for  assessing  climate  change  impacts  and  adaptation  measures 
(IPCC,  1994b). 

•  The  IPCC,  Organisation  for  Economic  Cooperation  and  Development  (OECD),  and 
International  Energy  Agency  (lEA)  methodology  for  conducting  and  reporting  on  national 
inventories  of  greenhouse  gas  emissions  (IPCC,  1995). 

These  publications  have  established  a  common  body  of  scientific  information  that  has  been  used  by 
governments  in  international  negotiations  and  national  decisionmaking. 

New    Reports 

At  the  request  of  governments,  the  IPCC  is  currently  preparing  its  Second  Assessment  Report 
(S  AR),  which  will  provide  a  comprehensive  assessment  of  new  and  recent  literature.  To  be 
completed  at  the  end  of  1995,  the  SAR  will  be  published  in  three  volumes,  plus  a  special  report. 
The  common  title  for  all  of  the  volumes  is  Climate  Change  1995:  The  IPCC  Second  Assessment 
Report.  Titles  of  the  separate  volumes  (to  be  contributed  by  Working  Groups  I  through  HI)  and 
the  special  report  follow: 

•  Volume  1 :  The  Science  of  Climate  Change 

•  Volume  2:  Scientific-Technical  Analyses  of  Impacts,  Adaptations,  and  Mitigation  of 
Climate  Change 

•  Volume  3:  Economics  and  Social  Dimensions 

•  The  IPCC  Synthesis  Report:  An  Assessment  of  Scientific-Technical  Information  Relevant 
to  Interpreting  Article  2  of  the  U.N.  Framework  Convention  on  Climate  Change,  and  the 
Summaries  for  Policymakers. 


The  scientific  and  technical  chapters  of  the  SAR  will  contain  detailed  reviews  of  critical  issues  such 
as  detection  of  climate  change;  assessment  of  model  results;  effects  of  aerosols  on  radiative  forcing; 
potential  impacts  for  many  ecological  systems,  human  activities,  and  human  infrastructure; 
technical  evaluations  of  measures  for  reducing  greenhouse  gas  emissions;  and  analysis  of  the 
potential  economic  consequences  and  the  applicabihty  of  such  decisionmaking  tools  as  cost-benefit 
analysis. 

Each  volume  of  the  SAR  will  include  a  "Summary  for  Policymakers"  that  extracts  critical 
information  from  the  underlying  technical  reports  of  interest  to  the  policy  community.  In  addition, 
the  Special  Report  on  Article  2  of  the  Convention  will  synthesize  material  contained  in  the  three 
volumes  of  the  full  report  that  is  particularly  relevant  to  governments'  interpretation  of  the 
UNFCCC  objective  of  stabilizing  atmospheric  concentrations  of  greenhouse  gases  at  a  level  that 
would  avoid  "dangerous  anthropogenic  interference  with  the  climate  system."  Of  specific  concern 
are  the  relationships  between  emissions  and  atmospheric  concentrations  of  greenhouse  gases, 
changes  in  concentrations  and  their  effects  on  the  rate  and  magnitude  of  climate  change,  and 
potential  impacts  of  different  levels  of  climate  change  on  natural  ecosystems,  food  security,  and 
sustainable  economic  development. 

Structure  and  Process 

The  IPCC  operates  at  two  overlapping  but  distinct  levels — as  a  formal  intergovernmental  body  and 
as  a  scientific  and  technical  assessment  body.  Government  representatives  meet  in  formal  plenary 
sessions  to  approve  the  topics  for  assessment  and  the  overall  workplans  for  preparation  of  the 
reports.  They  also  review  and  accept  the  detailed  scientific  and  technical  reports,  as  well  as 
approve  on  a  line-by-line  basis  the  Summaries  for  PoUcymakers  that  highlight  the  policy 
implications  of  the  detailed  reports.  Scientific  and  technical  experts  from  each  chapter  writing  team 
participate  in  the  final  approval  process  to  maintain  consistency  between  the  Summary  and  the 
underlying  chapters  of  ^e  assessment.  It  is  through  this  intergovernmental  review  and  approval 
mechanism  that  the  work  of  the  IPCC  is  connected  to  international  and  national  policy  concerns. 

The  detailed  scientific  and  technical  reports  themselves  are  prepared  through  the  enthusiasm  and 
cooperation  of  scientists  and  technical  experts  from  around  the  world.  Hundreds  of  experts  are 
involved  in  preparing  the  different  chapters  of  the  reports;  literally  thousands  are  involved  in 
providing  expert  peer  review.  These  experts  come  from  many  countries  and  are  trained  in 
disciplines  ranging  from  atmospheric  chemistry  to  economics.  They  include  university  professors, 
researchers  working  in  private  industry  and  at  national  laboratories,  and  scientific  experts  affiliated 
with  nongovernmental  organizations.  The  teams  of  experts  that  draft  the  individual  sections  of  the 
reports  are  structured  to  include  the  broadest  possible  range  of  scientific  opinion. 

IPCC  reports  are  considered  by  virtually  the  entire  scientific  community  to  be  balanced,  unbiased 
assessments  of  the  full  range  of  scientific  information  on  critical  cUmate  change  issues.  This  is 
because  the  process  of  preparing  the  reports  involves  reviewing  the  most  up-to-date  scientific 
information,  reconciling  competing  views  where  possible,  and  characterizing  the  disagreements 
when  consensus  is  not  achievable.  IPCC  reports  have  served  another  purpose  as  well:  They  have 
identified  climate  change  issues  that  deserve  the  priority  attention  of  the  research  community  in  the 
future. 

The  IPCC  is  divided  into  three  working  groups.  Working  Group  I  analyzes  the  functioning  of  the 
climate  system  and  potential  changes  to  it  resulting  from  human  activities;  Working  Group  n 
assesses  potential  impacts  of  climate  change,  adaptation  strategies,  and  measures  that  could  be 
adopted  to  reduce  greenhouse  gas  emissions;  and  Working  Group  HI  focuses  on  evaluating  the 
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economic  implications  of  climate  change.  This  task  involves  assessing  potential  economic 
damages  and  the  applicability  of  cost-benefit  analysis  to  decisionmaking. 
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Annex  II 

Preparation  Process  of  the  Second  Assessment  Report 

for  the 

Intergovernmental  Panel  on  Climate  Change 

Working  Group  II 

Main  Assessment  Report 

The  charge  to  IPCC's  Working  Group  II  is  to  review  what  is  known,  unknown,  uncertain, 
and  controversial  about  the  potential  impacts  of  climate  change.  These  include  impacts  on 
natural  and  managed  ecosystems,  as  well  as  socioeconomic  sectors  such  as  human 
settlements,  industry,  transportation,  health,  water  supplies,  and  financial  services.  WG  II 
is  also  charged  with  reviewing  information  on  the  technical  and  economic  feasibility  of 
potential  options  for  adapting  to  or  mitigating  climate  change. 

The  Drafting  and  Review  Process 

The  chapters  of  the  Working  Group  II  contribution  to  the  Second  Assessment  Report  have 
been  prepared  by  scientists  and  technical  experts  from  around  the  world,  trained  in 
disciplines  ranging  from  atmospheric  chemistry  to  economics.  They  include  university 
professors,  researchers  working  in  private  industry  and  at  national  laboratories,  and 
scientific  experts  from  nongovernmental  organizations,  with  chapter  writing  teams 
purposefully  assembled  to  represent  the  broadest  possible  range  of  scientific  opinion.  Each 
chapter  has  been  prepared  by  a  writing  team  which  consists  of  one  or  two  Convening  Lead 
Authors  (CLAs)  and  from  2  to  38  other  authors  (an  average  of  19  additional  authors  per 
chapter),  including  at  least  one  author  from  the  developing  world.  Overall,  more  than  600 
authors — representing  nearly  60  countries  and  a  number  of  national  and  international 
organizations — have  been  involved  in  preparing  the  Working  Group  II  report. 

The  drafting  process  began  in  June  1993  at  an  IPCC  plenary  meeting,  where  the  basic 
report  structure  was  approved.  Lead  authors  met  3  months  later  to  finalize  the  chapter 
outlines.  "Zero-order"  drafts  were  circulated  in  advance  of  the  second  lead  authors'  meeting 
in  June  1994,  and  approximately  150  authors  used  this  occasion  to  provide  an  internal 
review  of  the  drafts.  First-draft  chapters  were  then  circulated  to  nearly  800  expert 
reviewers  and  a  variety  of  stakeholder  groups  including  industry  and  non-governmental 
organizations,  during  the  last  quarter  of  1994.  The  chapters  were  substantially  revised  at 
the  third  lead  authors'  meeting  in  January  1995.  Second  drafts  underwent  reviews  by 
national  governments  and  stakeholder  groups,  then  were  revised  and  reviewed  a  final  time, 
before  acceptance  at  the  Working  Group  n  plenary  (Montreal,  Canada,  16-20  October 
1995). 

Organization  of  the  Report 

Working  Group  It's  volume  consists  of  25  chapters,  an  ecological  primer  and  an  energy 
primer,  three  technical  appendices,  and  a  summary  for  policymakers.  These  chapters  cover 
potential  impacts  of  climate  change,  adaptations,  and  mitigation  measures  in  a  variety  of 
physical,  ecological,  and  socioeconomic  sectors.  The  Table  of  Contents  and  is  reproduced 
at  the  end  of  this  Annex. 
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Summary  for  Policymakers 

The  Summary  for  Policymakers  (SPM)  of  the  Working  Group  n  contribution  to  the  Second 
Assessment  Report  is  the  product  of  9  months  of  interactions  between  members  of  the  Working 
Group  n  Bureau,  Lead  Authors  from  all  chapters  of  the  report,  outside  experts,  and  the  Working 
Group  n  Technical  Support  Unit. 

Initial  Draft  and  Reviews 

Following  the  expert  review  of  the  draft  chapters  of  the  assessment,  the  oudine  for  the  SPM  was 
developed  and  approved  by  the  Co-Chairs,  the  Bureau,  and  Lead  Authors  during  the  Lead 
Authors'  Meeting  held  during  9-13  January  1995  in  Geneva,  Switzerland.  A  first  draft  of  the  SPM 
was  completed  on  23  January.  The  draft  was  circulated,  reviewed,  and  revised  twice  before 
distribution  to  governments  for  review.  Reviewers  included  the  Working  Group  n  Bureau,  all 
Convening  Lead  Authors,  a  developing  country  Principal  Lead  Author  from  each  chapter,  the 
IPCC  Chair  and  Secretary,  and  the  Co-Chairs  and  Technical  Support  Units  of  IPCC  Working 
Groups  I  and  HI. 

The  SPM  was  circulated  to  governments,  organizations,  and  external  expert  reviewers  as  part  of 
the  Government  Review  of  the  Working  Group's  draft  contribution  to  the  Second  Assessment 
Report,  from  6  March  to  28  April  1995.  This  included  mailings  from  the  Technical  Support  Unit  to 
141  governments,  61  organizations,  and  237  expert  reviewers.  Comments  on  chapters  and/or  the 
SPM  were  received  from  295  governments,  organizations,  and  expert  reviewers. 

Final  Draft  and  Approval  of  the  SPM 

The  comments  on  the  SPM  (and  draft  chapters)  were  reviewed  at  the  Lead  Authors  Meeting  held 
during  5-9  June  in  Charleston,  South  Carolina.  At  this  time.  Lead  Authors  recommended 
revisions  to  the  SPM  consistent  with  those  they  were  making  to  their  chapters.  A  new  draft  of  the 
SPM  was  produced  and  distributed  to  Lead  Authors  at  the  meeting.  Additional  comments  were 
submitted  in  writing  by  Lead  Authors  during  June  and  early  July.  The  draft  underwent  two  further 
internal  cycles  of  review  and  revision  by  the  Working  Group  n  Bureau,  Convening  Lead  Authors, 
other  Lead  Authors  who  attended  the  Charleston  meeting,  the  IPCC  Chair  and  Secretary,  and  the 
Co-Chairs  and  Technical  Support  Units  of  IPCC  Working  Groups  I  and  HI.  The  final  draft  SPM 
was  sent  to  governments  and  organizations  for  approval  on  15  September  1995. 

Governments  and  organizations  submitted  written  comments  on  the  final  draft  prior  to  and  at  the 
IPCC  Working  Group  H  Plenary  meeting  in  Montreal  (October  16-20).  These  comments  were 
distributed  to  all  meeting  participants.  The  draft  SPM  was  discussed  paragraph  by  paragraph  and, 
after  debate  and  modification,  approved  verbatim.  Lead  authors  were  present  to  discuss  the 
scientific  and  technical  aspects  of  the  SPM  and  relevant  assessment  chapters. 
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1.         Scope  of  the  Assessment 

The  charge  to  Working  Group  II  of  the  Intergovernmental  Panel 
on  Climate  Change  (IPCC)  was  to  review  the  state  of  knowl- 
edge concerning  the  impacts  of  climate  change  on  physical  and 
ecological  systems,  human  health,  and  socioeconomic  sectors. 
Working  Group  11  also  was  charged  with  reviewing  available 
information  on  the  technical  and  economic  feasibility  of  a  range 
of  potential  adaptation  and  mitigation  strategies.  This  assess- 
ment provides  scientific,  technical,  and  economic  information 
that  can  be  used,  inter  alia,  in  evaluating  whether  the  projected 
range  of  plausible  impacts  constitutes  "dangerous  anthro- 
pogenic interference  with  the  climate  system,"  as  referred  to  in 
Article  2  of  the  United  Nations  Framework  Convention  on 
Climate  Change  (UNFCCC),  and  in  evaluating  adaptation  and 
mitigation  options  that  could  be  used  in  progressing  towards  the 
ultimate  objective  of  the  U>fFCCC  (see  Box  1). 


2.         Nature  of  the  Issue 

Human  activities  are  increasing  the  atmospheric  concentrations 
of  greenhouse  gases — which  tend  to  warm  the  atmosphere — 
and,  in  some  regions,  aerosols — which  tend  to  cool  the  atmos- 
phere. These  changes  in  greenhouse  gases  and  aerosols,  taken 
together,  are  projected  to  lead  to  regional  and  global  changes  in 
climate  and  climate-related  parameters  such  as  temperature, 
precipitation,  soil  moisture,  and  sea  level.  Based  on  the  range 


Box  1.  Ultimate  Objective  of  the  UNFCCC  (Article  2) 

"...subilization  of  greenhouse  gas  concentrations  in  the 
atmosphere  at  a  level  that  would  prevent  dangerous 
anthropogenic  interference  with  the  climate  system. 
Such  a  level  should  be  achieved  within  a  time  frame 
sufficient  to  allow  ecosystems  to  adapt  naturally  to 
climate  change,  to  ensure  that  food  production  is  not 
threatened,  and  to  enable  economic  development  to 
proceed  in  a  sustainable  manner." 


of  sensitivities  of  climate  to  increases  in  greenhouse  gas  con- 
centrations reported  by  IPCC  Working  Group  I  and  plausible 
ranges  of  emissions  (IPCC  IS92;  see  Table  1),  climate  models, 
taking  into  account  greenhouse  gases  and  aerosols,  project  an 
increase  in  global  mean  surface  temperature  of  about  1-3.5°C 
by  2100,  and  an  associated  increase  in  sea  level  of  about  15-95 
cm.'  The  reliability  of  regional-scale  predictions  is  still  low, 
and  the  degree  to  which  climate  variability  may  change  is 
uncertain.  However,  potentially  serious  changes  have  been 
identified,  including  an  increase  in  some  regions  in  the  inci- 
dence of  extreme  high-temperature  events,  floods,  and 
droughts,  with  resultant  consequences  for  fires,  pest  outbreaks. 


'Projections  of  changes  in  temperatiue  and  sea  level  cited  in  this  repon  a 
final  approval  by  IPCC  Woriung  Group  I  in  late  Noveniber  1995- 


Table  1:  Summary  of  assumptions  in  the  six  IPCC  1992  alternative  scenarios. 


Population 


Economic  Growth 


Energy  Supplies 


IS92a,b 


World  Bank  1991 
11.3  billion  by  2100 


1990-2025:  2.< 
1990-2100:  2.; 


12,000  EJ  conventional  oil 

13,000  EJ  natural  gas 

Solar  costs  fall  to  $0.075/kWh 

191  EJ  of  biofuels  available  at  $70^a^Tel» 


IS92C 


UN  Medium-Low  Case 
6.4  billion  by  2100 


1990-2025:  2.( 
1990-2100:  1.; 


8,000  EJ  conventional  oil 

7,300  EJ  natural  gas 

Nuclear  costs  decline  by  0.4%  annually 


IS92d 


UN  Medium-Low  Case 
6.4  billion  by  2100 


1990-2025:  2.: 
1990-2100:  2.( 


Oil  and  gas  same  as  IS92c 

Solar  costs  fall  to  $0.065/kWh 

272  EJ  of  biofuels  available  at  SSO/barrel 


IS92e 


World  Bank  1991 
11.3  bilUon  by  2100 


1990-2025:  3.5% 
1990-2100:  3.0% 


18,400  EJ  conventional  oil 
Gas  same  as  IS92a,b 
Phase  out  nuclear  by  2075 


UN  Medium-High  Case 
17.6  billion  by  2100 


1990-2025:  2.9% 
1990-2100:  2.3% 


Oil  and  gas  same  as  IS92e 
Solar  costs  fall  to  $0.083/kWh 
Nuclear  costs  increase  to  $0.09/kWh 


"Approximate  conversion  factor   1  barrel  =  6  GJ. 

Source:  Clunate  Change  1992:  The  Supplementary  Report  to  the  IPCC  Scientific  i^ssessment  Section  A3,  prepared  by 
IPCC  Working  Group  I  [J.T.  Houghton,  B.A.  Callander,  and  S.K.  Vamey  (eds.)]  and  WMO/UNEP.  Cambridge  University  Press. 
Cambridge,  UK,  200  pp. 
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and  ecosystem  composition,  structure,  and  functioning,  includ- 
ing primary  productivity. 

Human  health,  terrestrial  and  aquatic  ecological  systems,  and 
socioeconomic  systems  (e.g.,  agriculture,  forestry,  fisheries, 
and  water  resources)  are  all  vital  to  human  development  and 
well-being  and  are  all  sensitive  to  changes  in  climate.  Whereas 
many  regions  are  likely  to  experience  the  adverse  effects  of  cli- 
mate change — some  of  which  are  potentially  irreversible — 
some  effects  of  climate  change  are  likely  to  be  beneficial. 
Hence,  different  segments  of  society  can  expect  to  confront  a 
variety  of  changes  and  the  need  to  adapt  to  them. 

Policymakers  are  faced  with  responding  to  the  risks  posed  by 
anthropogenic  emissions  of  greenhouse  gases  in  the  face  of 
significant  scientific  uncertainties.  It  is  appropriate  to  consider 
these  uncertainties  in  the  context  of  information  indicating  that 
climate-induced  environmental  changes  cannot  be  reversed 
quickly,  if  at  all,  due  to  the  long  time  scales  associated  with  the 
climate  system  (see  Box  2).  Decisions  taken  during  the  next 
few  years  may  limit  the  range  of  possible  policy  options  in  the 
future  because  high  near-term  emissions  would  require  deeper 
reductions  in  the  future  to  meet  any  given  target  concentration. 
Delaying  action  might  reduce  the  overall  costs  of  mitigation 
because  of  potential  technological  advances  but  could  increase 
both  the  rate  and  the  eventual  magnitude  of  climate  change, 
hence  the  adaptation  and  damage  costs. 

Policymakers  will  have  to  decide  to  what  degree  they  want  to 
take  precautionary  measures  by  mitigating  greenhouse  gas 
emissions  and  enhancing  the  resilience  of  vulnerable  systems 
by  means  of  adaptation.  Uncertainty  does  not  mean  that  a 
nation  or  the  world  community  cannot  position  itself  better  to 
cope  with  the  broad  range  of  possible  climate  changes  or  pro- 
tect against  potentially  costly  future  outcomes.  Delaying  such 
measures  may  leave  a  nation  or  the  world  poorly  prepared  to 


Box  2.  Time  Scales  of  Processes 
Influencing  the  Climate  System 

Turnover  of  the  capital  stock  responsible  for  emis- 
sions of  greenhouse  gases:  Years  to  decades 
(without  premature  retirement) 
Stabilization  of  atmospheric  concentrations  of  long- 
lived  greenhouse  gases  given  a  stable  level  of 
greenhouse  gas  emissions:  Decades  to  millennia 
Equilibration  of  the  climate  system  given  a  stable 
level  of  greenhouse  gas  concentrations: 
Decades  to  centuries 

Equilibration  of  sea  level  given  a  stable  climate: 
Centuries 

Restoration/rehabilitation  of  damaged  or  disturbed 
ecological  systems:  Decades  to  centuries 
(some  changes,  such  as  species  extinction,  are 
irreversible,  and  it  may  be  impossible  to  recon- 
struct and  reestablish  some  disturbed  ecosystems) 


deal  with  adverse  changes  and  may  increase  the  possibility  of 
irreversible  or  very  costly  consequences.  Options  for  adapting 
to  change  or  mitigating  change  that  can  be  justified  for  other 
reasons  today  (e.g.,  abatement  of  air  and  water  pollution)  and 
make  society  more  flexible  or  resilient  to  anticipated  adverse 
effects  of  climate  change  appear  particularly  desirable. 


3.         Vulnerability  to  Climate  Change 

Article  2  of  the  UNFCCC  explicitly  acknowledges  the  impor- 
tance of  natural  ecosystems,  food  production,  and  sustainable 
economic  development.  This  report  addresses  the  potential 
sensitivity,  adaptability,  and  vulnerability  of  ecological  and 
socioeconomic  systems — including  hydrology  and  water 
resources  management,  human  infrastructure,  and  human 
health — to  changes  in  climate  (see  Box  3). 

Human-induced  climate  change  adds  an  important  new 

stress.  Human-induced  climate  change  represents  an  important 
additional  stress,  particularly  to  the  many  ecological  and 
socioeconomic  systems  already  affected  by  pollution,  increas- 
ing resource  demands,  and  nonsustainable  management  prac- 
tices. The  most  vulnerable  systems  are  those  with  the  greatest 
sensitivity  to  climate  changes  and  the  least  adaptability. 

Most  systems  are  sensitive  to  climate  change.  Natural  ecolog- 
ical systems,  socioeconomic  systems,  and  human  health  are  all 
sensitive  to  both  the  magnitude  and  the  rate  of  climate  change. 

Impacts  are  difficult  to  quantify,  and  existing  studies  are 
limited  in  scope.  Although  our  knowledge  has  increased  sig- 
nificantly during  the  last  decade,  and  qualitative  estimates  can 
be  developed,  quantitative  projections  of  the  impacts  of  cli- 
mate change  on  any  particular  system  at  any  particular  location 
are  difficult  because  regional-scale  climate  change  predictions 
are  uncertain;  our  current  understanding  of  many  critical 
processes  is  limited;  and  systems  are  subject  to  multiple  cli- 
matic and  non-climatic  stresses,  the  interactions  of  which  are 
not  always  linear  or  additive.  Most  impact  studies  have 
assessed  how  systems  would  respond  to  climate  change  result- 
ing from  an  arbitrary  doubling  of  equivalent  atmospheric  car- 
bon dioxide  (COj)  concentrations.  Furthermore,  very  few 
studies  have  considered  dynamic  responses  to  steadily  increas- 
ing concentrations  of  greenhouse  gases;  fewer  still  have  exam- 
ined the  consequences  of  increases  beyond  a  doubling  of 
equivalent  atmospheric  CO2  concentrations  or  assessed  the 
implications  of  multiple  stress  factors. 

Successful  adaptation  depends  upon  technological  advances, 
institutional  arrangements,  availabOity  of  financing,  and 
information  exchange.  Technological  advances  generally  have 
increased  adaptation  options  for  managed  systems  such  as  agri- 
culture and  water  supply.  However,  many  regions  of  the  world 
currently  have  limited  access  to  these  technologies  and  appro- 
priate information.  The  efficacy  and  cost-effective  use  of  adap- 
tation strategies  will  depend  upon  the  availability  of  finan- 
cial resources,  technology  transfer,  and  cultural,  educational. 
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Box  3.  Sensitivity,  Adaptability,  and  Vulnerability 

Sensitivity  is  the  degree  to  which  a  system  will  respond 
to  a  change  in  climatic  conditions  (e.g.,  the  extent  of 
change  in  ecosystem  composition,  structure,  and  func- 
tioning, including  primary  productivity,  resulting  from 
a  given  change  in  temperature  or  precipitation). 

Adaptability  refers  to  the  degree  to  which  adjustments 
are  possible  in  practices,  processes,  or  structures  of 
systems  to  projected  or  actual  changes  of  climate. 
Adaptation  can  be  spontaneous  or  planned,  and  can  be 
carried  out  in  response  to  or  in  anticipation  of  changes 
in  conditions. 

Vulnerability  defines  the  extent  to  which  climate 
change  may  damage  or  harm  a  system.  It  depends  not 
only  on  a  system's  sensitivity  but  also  on  its  ability  to 
adapt  to  new  climatic  conditions. 

Both  the  magnitude  and  the  rate  of  climate  change  are 
important  in  determining  the  sensitivity,  adaptability, 
and  vulnerability  of  a  system. 


managerial,  institutional,  legal,  and  regulatory  practices,  both 
domestic  and  international  in  scope.  Incorporating  climate- 
change  concerns  into  resource-use  and  development  decisions 
and  plans  for  regularly  scheduled  investments  in  infrastructure 
will  facilitate  adaptation. 

Vulnerability  increases  as  adaptive  capacity  decreases.  The 

vulnerability  of  human  health  and  socioeconomic  systems — 
and,  to  a  lesser  extent,  ecological  systems— depends  upon  eco- 
nomic circumstances  and  institutional  infrastructure.  This 
implies  that  systems  typically  are  more  vulnerable  in  develop- 
ing countries  where  economic  and  institutional  circumstances 
are  less  favorable.  People  who  live  on  arid  or  semi-arid  lands, 
in  low-lying  coastal  areas,  in  water-limited  or  flood-prone 
areas,  or  on  small  islands  are  particularly  vulnerable  to  climate 
change.  Some  regions  have  become  more  vulnerable  to  haz- 
ards such  as  storms,  floods,  and  droughts  as  a  result  of  increas- 
ing population  density  in  sensitive  areas  such  as  river  basins 
and  coastal  plains.  Human  activities,  which  fragment  many 
landscapes,  have  increased  the  vulnerability  of  lightly  man- 
aged and  unmanaged  ecosystems.  Fragmentation  limits  natural 
adaptation  potential  and  the  potential  effectiveness  of  measures 
to  assist  adaptation  in  these  systems,  such  as  the  provision  of 
migration  corridors.  A  changing  climate's  near-term  effects  on 
ecological  and  socioeconomic  systems  most  likely  will  result 
from  changes  in  the  intensity  and  seasonal  and  geographic  dis- 
tribution of  common  weather  hazards  such  as  storms,  floods, 
and  droughts.  In  most  of  these  examples,  vulnerability  can  be 
reduced  by  strengthening  adaptive  capacity. 

Detection  will  be  diflicult,  and  unexpected  changes  cannot 
be  ruled  out  Unambiguous  detection  of  climate-induced 


changes  in  most  ecological  and  social  systems  will  prove 
extremely  difficult  in  the  coming  decades.  This  is  because  of 
the  complexity  of  these  systems,  their  many  non-linear  feed- 
backs, and  their  sensitivity  to  a  large  number  of  climatic  and 
non-climatic  factors,  all  of  which  are  expected  to  continue  to 
change  simultaneously.  The  development  of  a  baseline  project- 
ing future  conditions  without  climate  change  is  crucial,  for  it  is 
this  baseline  against  which  all  projected  impacts  are  measured. 
As  future  climate  extends  beyond  the  boundaries  of  empirical 
knowledge  (i.e.,  the  documented  impacts  of  climate  variation 
in  the  past),  it  becomes  more  likely  that  actual  outcomes  will 
include  surprises  and  unanticipated  rapid  changes. 

Further  research  and  monitoring  are  essential.  Enhanced 
support  for  research  and  monitoring,  including  cooperative 
efforts  from  national,  international,  and  multi-lateral  institu- 
tions, is  essential  in  order  to  improve  significandy  regional- 
scale  climate  projections;  understand  the  responses  of  human 
health,  ecological,  and  socioeconomic  systems  to  changes  in 
climate  and  other  stress  factors;  and  improve  our  understanding 
of  the  efficacy  and  cost-effectiveness  of  adaptation  strategies. 


3. 1.         Terrestrial  and  A  quatic  Ecosystems 

Ecosystems  contain  the  Earth's  entire  reservoir  of  genetic  and 
species  diversity  and  provide  many  goods  and  services  critical 
to  individuals  and  societies.  These  goods  and  services  include 
(i)  providing  food,  fiber,  medicines,  and  energy;  (ii)  processing 
and  storing  carbon  and  other  nutrients;  (iii)  assimilating 
wastes,  purifying  water,  regulating  water  runoff,  and  control- 
ling floods,  soil  degradation,  and  beach  erosion;  and  (iv)  pro- 
viding opportunities  for  recreation  and  tourism.  These  systems 
and  the  functions  they  provide  are  sensitive  to  the  rate  and 
extent  of  changes  in  climate.  Figure  1  illustrates  that  mean 
annual  temperature  and  mean  annual  precipitation  can  be  cor- 
related with  the  distribution  of  the  world's  major  biomes. 

The  composition  and  geographic  distribution  of  many  ecosys- 
tems will  shift  as  individual  species  respond  to  changes  in  cli- 
mate; there  will  likely  be  reductions  in  biological  diversity  and 
in  the  goods  and  services  that  ecosystems  provide  society. 
Some  ecological  systems  may  not  reach  a  new  equilibrium  for 
several  centuries  after  the  climate  achieves  a  new  balance. 

Forests.  Models  project  that  a  sustained  increase  of  TC  in  glob- 
al mean  temperature  is  sufficient  to  cause  changes  in  regional 
climates  that  will  affect  the  growth  and  regeneration  capacity  of 
forests  in  many  regions.  In  several  instances  this  will  alter  the 
function  and  composition  of  forests  significantly.  As  a  conse- 
quence of  possible  changes  in  temperature  and  water  availabili- 
ty under  doubled  equivalent-C02  equilibrium  conditions,  a  sub- 
stantial fraction  (a  global  average  of  one-third,  varying  by  region 
from  one-seventh  to  two-thirds)  of  the  existing  forested  area  of 
the  world  will  undergo  major  changes  in  broad  vegetation 
types — with  the  greatest  changes  occurring  in  high  latitudes  and 
the  least  in  the  tropics.  Climate  change  is  expected  to  occur  at  a 
rapid  rate  relative  to  the  speed  at  which  forest  species  grow, 
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Figure  1:  This  figure  illustrates  that  mean  annual  temperature 
and  mean  annua!  precipitation  can  be  correlated  with  the  distribu- 
tion of  the  world's  major  biomes.  While  the  role  of  these  annual 
means  in  affecting  this  distribution  is  important,  it  should  be  noted 
that  the  distribution  of  biomes  may  also  strongly  depend  on  sea- 
sonal factors  such  as  the  length  of  the  dry  season  or  the  lowest 
absolute  minimum  temperature,  on  soil  properties  such  as  water- 
holding  capacity,  on  land-use  history  such  as  agriculture  or  graz- 
ing, and  on  disturbance  regimes  such  as  the  frequency  of  fire. 


reproduce,  and  reestablish  themselves.  For  mid-latitude  regions, 
a  global  average  warming  of  1-3.5°C  over  the  next  100  years 
would  be  equivalent  to  a  poleward  shift  of  the  present  isotherms 
by  approximately  150-550  km  or  an  altitude  shift  of  about 
150-550  m;  in  low  latitudes,  temperatures  would  generally  be 
increased  to  higher  levels  than  now  exist.  This  compares  to  past 
tree  species  migration  rates  that  are  believed  to  be  on  the  order 
of  4-200  km  per  century.  Therefore,  the  species  composition  of 
forests  is  likely  to  change;  entire  forest  types  may  disappear, 
while  new  assemblages  of  species,  hence  new  ecosystems,  may 
be  established.  Figure  2  depicts  potential  distribution  of  biomes 
under  cunent  and  a  doubled  equivalent-C02  climate.  Although 
net  primary  productivity  could  increase,  the  standing  biomass  of 
forests  may  not  because  of  more  fi^uent  outbreaks  and  extend- 
ed ranges  of  pests  and  pathogens,  and  increasing  frequency  and 
intensity  of  fires.  Large  amounts  of  carbon  could  be  released  into 
the  atmosphere  during  transitions  from  one  forest  type  to  anoth- 
er because  the  rate  at  which  carbon  can  be  lost  during  times  of 
high  forest  mortality  is  greater  than  the  rate  at  which  it  can  be 
gained  through  growth  to  maturity. 

Rangelands.  In  tropical  rangelands,  mean  temperature  increas- 
es should  not  lead  to  major  alterations  in  productivity  and 


species  composition,  but  altered  rainfall  amount  and  seasonal- 
ity and  increased  evapotranspiration  will.  Increases  in  atmos- 
pheric CO2  concentration  may  raise  the  carbon-to-nin-ogen 
ratio  of  forage  for  herbivores,  thus  reducing  its  food  value. 
Shifts  in  temperature  and  precipitation  in  temperate  rangelands 
may  result  in  altered  growing  seasons  and  boundary  shifts 
between  grasslands,  forests,  and  shrublands. 

Deserts  and  Desertification.  Deserts  are  likely  to  become 
more  extreme — in  that,  with  few  exceptions,  they  are  project- 
ed to  become  hotter  but  not  significantly  wetter.  Temperature 
increases  could  be  a  threat  to  organisms  that  exist  near  their 
heat-tolerance  limits.  The  impacts  on  water  balance,  hydrolo- 
gy, and  vegetation  are  uncertain.  Desertification,  as  defined  by 
the  UN  Convention  to  Combat  Desertification,  is  land  degra- 
dation in  arid,  semi-arid,  and  dry  sub-humid  areas  resulting 
from  various  factors,  including  climatic  variations  and  human 
activities.  Desertification  is  more  likely  to  become  irreversible 
if  the  environment  becomes  drier  and  the  soil  becomes  further 
degraded  through  erosion  and  compaction.  Adaptation  to 
drought  and  desertification  may  rely  on  the  development  of 
diversified  production  systems. 

Cryosphere.  Models  project  that  between  one-third  and  one- 
half  of  existing  mountain  glacier  mass  could  disappear  over  the 
next  100  years.  The  reduced  extent  of  glaciers  and  depth  of 
snow  cover  also  would  affect  the  seasonal  distribution  of  river 
flow  and  water  supply  for  hydroelectric  generation  and  agricul- 
ture. Anticipated  hydrological  changes  and  reductions  in  the 
areal  extent  and  depth  of  permafrost  could  lead  to  large-scale 
damage  to  infrastructure,  an  additional  flux  of  CO2  into  the 
atmosphere,  and  changes  in  processes  that  contribute  to  the  flux 
of  methane  (CH4)  into  the  atmosphere.  Reduced  sea-ice  extent 
and  thickness  would  increase  the  seasonal  duration  of  naviga- 
tion on  rivers  and  in  coastal  areas  that  are  presently  affected  by 
seasonal  ice  cover,  and  may  increase  navigability  in  the  Arctic 
Ocean.  Little  change  in  the  extent  of  the  Greenland  and 
Antarctic  ice  sheets  is  expected  over  the  next  50-100  years. 

Mountain  Regions.  The  projected  decrease  in  the  extent  of 
mountain  glaciers,  permafrost,  and  snow  cover  caused  by  a 
warmer  climate  will  affect  hydrologic  systems,  soil  stability, 
and  related  socioeconomic  systems.  The  altitudinal  distribution 
of  vegetation  is  projected  to  shift  to  higher  elevation;  some 
species  with  climatic  ranges  limited  to  mountain  tops  could 
become  extinct  because  of  disappearance  of  habitat  or  reduced 
migration  potential.  Mountain  resources  such  as  food  and  fuel 
for  indigenous  populations  may  be  disrupted  in  many  develop- 
ing countries.  Recreational  industries — of  increasing  econom- 
ic importance  to  many  regions — also  are  likely  to  be  disrupted. 

Lakes,  Streams,  and  Wetlands.  Inland  aquatic  ecosystems 
will  be  influenced  by  climate  change  through  altered  water 
temperatures,  flow  regimes,  and  water  levels.  In  lakes  and 
streams,  warming  would  have  the  greatest  biological  effects  at 
high  latitudes,  where  biological  productivity  would  increase, 
and  at  the  low-latitude  boundaries  of  cold-  and  cool-water 
species  ranges,  where  extinctions  would  be  greatest.  Warming 
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Figure  2:  Potential  distribution  of  the  major  world  biomes  under  current  climate  conditions,  simulated  by  Mapped  Atmosphere-Plant-Soil  System 
(MAPSS)  model  (top).  "Potential  distribution"  indicates  the  natural  vegetation  that  can  be  supported  at  each  site,  given  monthly  inputs  of 
precipitation,  temperanire.  humidity,  and  windspeed.  The  lower  product  illustrates  the  projected  distribution  of  the  major  world  biomes  by 
simulating  the  effects  of  2  x  COz-equivalent  concentrations  (GFDL  general  circulation  model),  including  the  direct  physiological  effects  of  CO2 
on  vegetation.  Both  products  are  adapted  from  Nielsen  and  Marks  (1994). 
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of  larger  and  deeper  temperate  zone  lakes  would  increase  their 
productivity;  although  in  some  shallow  lakes  and  in  streams, 
warming  could  increase  the  likelihood  of  anoxic  conditions. 
Increases  in  flow  variability,  particularly  the  frequency  and 
duration  of  large  floods  and  droughts,  would  tend  to  reduce 
water  quality  and  biological  productivity  and  habitat  in 
streams.  Water-level  declines  will  be  most  severe  in  lakes  and 
streams  in  dry  evaporative  drainages  and  in  basins  with  small 
catchments.  The  geographical  distribution  of  wetlands  is  likely 
to  shift  with  changes  in  temperature  and  precipitation.  There 
will  be  an  impact  of  climate  change  on  greenhouse  gas  release 
from  non-tidal  wetlands,  but  there  is  uncertainty  regarding  the 
exact  effects  from  site  to  site. 

Coastal  Systems.  Coastal  systems  are  economically  and  eco- 
logically important  and  are  expected  to  vary  widely  in  their 
response  to  changes  in  climate  and  sea  level.  Climate  change  and 
a  rise  in  sea  level  or  changes  in  storms  or  storm  surges  could 
result  in  the  erosion  of  shores  and  associated  habitat,  increased 
salinity  of  estuaries  and  freshwater  aquifers,  altered  tidal  ranges 
in  rivers  and  bays,  changes  in  sediment  and  nutrient  transport,  a 
change  in  the  pattern  of  chemical  and  microbiological  contami- 
nation in  coastal  areas,  and  increased  coastal  flooding.  Some 
coastal  ecosystems  are  particularly  at  risk,  including  saltwater 
marshes,  mangrove  ecosystems,  coastal  wetlands,  coral  reefs, 
coral  atolls,  and  river  deltas.  Changes  in  these  ecosystems  would 
have  major  negative  effects  on  tourism,  freshwater  supplies, 
fisheries,  and  biodiversity.  Such  impacts  would  add  to  modifica- 
tions in  the  functioning  of  coastal  oceans  and  inland  waters  that 
already  have  resulted  from  pollution,  physical  modification,  and 
material  inputs  due  to  human  activities. 

Oceans.  Climate  change  will  lead  to  changes  in  sea  level, 
increasing  it  on  average,  and  also  could  lead  to  altered  ocean 
circulation,  vertical  mixing,  wave  climate,  and  reductions  in 
sea-ice  cover.  As  a  result,  nutrient  availability,  biological  pro- 
ductivity, the  structure  and  functions  of  marine  ecosystems, 
and  heat  and  carbon  storage  capacity  may  be  affected,  with 
important  feedbacks  to  the  climate  system.  These  changes 
would  have  implications  for  coastal  regions,  fisheries,  tourism 
and  recreation,  transport,  off-shore  structures,  and  communica- 
tion. Paleoclimatic  data  and  model  experiments  suggest  that 
abrupt  climatic  changes  can  occiu'  if  freshwater  influx  from  the 
movement  and  melting  of  sea  ice  or  ice  sheets  significantly 
weakens  global  thermohaline  circulation. 


3.2.        Hydrology  and  Water  Resources  Management 

Climate  change  will  lead  to  an  intensification  of  the  global 
hydrological  cycle  and  can  have  major  impacts  on  regional 
water  resources.  A  change  in  the  volume  and  distribution  of 
water  will  affect  both  ground  and  siuface  water  supply  for 
domestic  and  industrial  uses,  irrigation,  hydropower  generation, 
navigation,  instream  ecosystems,  and  water-based  recreation. 

Changes  in  the  total  amount  of  precipitation  and  in  its  fre- 
quency and  intensity  directly  affect  the  magnitude  and  timing 


of  runoff  and  the  intensity  of  floods  and  droughts;  however, 
at  present,  specific  regional  effects  are  uncertain.  Relatively 
small  changes  in  temperature  and  precipitation,  together  with 
the  non-linear  effects  on  evapotranspiration  and  soil  mois- 
ture, can  result  in  relatively  large  changes  in  runoff,  especial- 
ly in  arid  and  semi-arid  regions.  High-latitude  regions  may 
experience  increased  runoff  due  to  increased  precipitation, 
whereas  runoff  may  decrease  at  lower  latitudes  due  to  the 
combined  effects  of  increased  evapotranspiration  and 
decreased  precipitation.  More  intense  rainfall  would  tend  to 
increase  runoff  and  the  risk  of  flooding,  although  this  would 
depend  not  only  on  the  change  in  rainfall  but  also  on  catch- 
ment physical  and  biological  characteristics.  A  warmer  cli- 
mate could  decrease  the  proportion  of  precipitation  falling  as 
snow,  leading  to  reductions  in  spring  runoff  and  increases  in 
winter  runoff. 

The  quantity  and  quality  of  water  supplies  already  are  serious 
problems  today  in  many  regions,  including  some  low-lying 
coastal  areas,  deltas,  and  small  islands,  making  countries  in 
these  regions  particularly  vulnerable  to  any  additional  reduc- 
tion in  indigenous  water  supplies.  Water  availability  currently 
falls  below  1 ,000  m'  per  person  per  year — a  common  bench- 
mark for  water  scarcity — in  a  number  of  countries  (e.g., 
Kuwait,  Jordan,  Israel,  Rwanda,  Somalia,  Algeria,  Kenya)  or  is 
expected  to  fall  below  this  benchmark  in  the  next  2  to  3 
decades  (e.g.,  Libya,  Egypt,  South  Africa,  Iran,  Ethiopia).  In 
addition,  a  number  of  countries  in  confiicl-prone  areas  are 
highly  dependent  on  water  originating  outside  their  borders 
(e.g.,  Cambodia,  Syria,  Sudan,  Egypt,  Iraq). 

The  impacts  of  climate  change  will  depend  on  the  baseline 
condition  of  the  water  supply  system  and  the  ability  of  water 
resource  managers  to  respond  not  only  to  climate  change  but 
also  to  population  growth  and  changes  in  demands,  technolo- 
gy, and  economic,  social,  and  legislative  conditions.  In  some 
cases — particularly  in  wealthier  countries  with  integrated 
water-management  systems — improved  management  may 
protect  water  users  from  climate  change  at  minimal  cost;  in 
many  others,  however,  there  could  be  substantial  economic, 
social,  and  environmental  costs,  particularly  in  regions  that 
already  are  water-limited  and  where  there  is  a  considerable 
competition  among  users.  Experts  disagree  over  whether 
water  supply  systems  will  evolve  substantially  enough  in  the 
future  to  compensate  for  the  anticipated  negative  impacts  of 
climate  change  on  water  resources  and  for  potential  increases 
in  demand. 

Options  for  dealing  with  the  possible  impacts  of  a  changed 
climate  and  increased  uncertainty  about  future  supply  and 
demand  for  freshwater  include  more  efficient  management  of 
existing  supplies  and  infrastructure;  institutional  arrange- 
ments to  limit  future  demands/promote  conservation; 
improved  monitoring  and  forecasting  systems  for 
floods/droughts;  rehabilitation  of  watersheds,  especially  in 
the  tropics;  and  construction  of  new  reservoir  capacity  to  cap- 
ture and  store  excess  flows  produced  by  altered  patterns  of 
snowmelt  and  storms. 
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3.3. 


Food  and  Fiber 


Agriculture.  Crop  yields  and  changes  in  productivity  due  to 
climate  change  will  vary  considerably  across  regions  and 
among  localities,  thus  changing  the  patterns  of  production. 
Productivity  is  projected  to  increase  in  some  areas  and 
decrease  in  others,  especially  the  tropics  and  subtropics 
(Table  2).  However,  existing  studies  show  that  on  the  whole 
global  agricultural  production  could  be  maintained  relative 
to  baseline  production  in  the  face  of  climate  change  modeled 
by  general  circulation  models  (GCMs)  at  doubled  equiva- 
lent-C02  equilibrium  conditions,  but  that  regional  effects 
would  vary  widely.  This  conclusion  takes  into  account  the 
beneficial  effects  of  COj  fertilization,  but  does  not  allow  for 
changes  in  agricultural  pests  and  the  possible  effects  of 
changing  climatic  variability. 

Focusing  on  global  agricultural  production  does  not  address  the 
potentially  serious  consequences  of  large  differences  at  local  and 
regional  scales,  even  at  mid-latitudes.  There  may  be  increased 
risk  of  hunger  and  famine  in  some  locations;  many  of  the  world's 
poorest  people — ^particularly  those  living  in  subtropical  and 
tropical  areas,  and  dependent  on  isolated  agricultural  systems  in 
semi-arid  and  arid  regions — are  most  at  risk  of  increased  hunger. 
Many  of  these  at-risk  populations  are  found  in  sub-Saharan 
Africa;  south,  east,  and  southeast  Asia;  and  tropical  areas  of 
Latin  America,  as  well  as  some  Pacific  island  nations. 

Adaptation — such  as  changes  in  crops  and  crop  varieties, 
improved  water-management  and  irrigation  systems,  and 
changes  in  planting  schedules  and  tillage  practices — will  be 
important  in  limiting  negative  effects  and  taking  advantage  of 
beneficial  changes  in  climate.  The  extent  of  adaptation  depends 
on  the  affordability  of  such  measures,  particularly  in  develop- 
ing countries;  access  to  know-how  and  technology;  the  rate  of 
climate  change;  and  biophysical  constraints  such  as  water 
availability,  soil  characteristics,  and  crop  genetics.  The  incre- 
mental costs  of  adaptation  strategies  could  create  a  serious  bur- 
den for  developing  countries;  some  adaptation  strategies  may 
result  in  cost  savings  for  some  countries.  There  are  significant 
uncertainties  about  the  capacity  of  different  regions  to  adapt 
successfully  to  projected  climate  change. 

Livestock  production  may  be  affected  by  changes  in  grain 
prices  and  rangeland  and  pasture  productivity.  In  general,  analy- 
ses indicate  that  intensively  managed  livestock  systems  have 
more  potential  for  adaptation  than  crop  systems.  This  may  not 
be  the  case  in  pastoral  systems,  where  the  rate  of  technology 
adoption  is  slow  and  changes  in  technology  are  viewed  as  risky. 

Forest  Products.  Global  wood  supplies  during  the  next  cen- 
tury may  become  increasingly  inadequate  to  meet  projected 
consumption  due  to  both  climatic  and  non-climatic  factors. 
Boreal  forests  are  likely  to  undergo  irregular  and  large-scale 
losses  of  living  trees  because  of  the  impacts  of  projected  cli- 
mate change.  Such  losses  could  initially  generate  additional 
wood  supply  from  salvage  harvests,  but  could  severely  reduce 
standing  stocks  and  wood-product  availability  over  the  long 


term.  The  exact  timing  and  extent  of  this  pattern  is  uncertain. 
Climate  and  land-use  impacts  on  the  production  of  temperate 
forest  products  are  expected  to  be  relatively  small.  In  tropical 
regions,  the  availability  of  fores:  products  is  projected  to 
decline  by  about  half  for  non-climatic  reasons  related  to 
human  activities. 

Fisheries.  Climate-change  effects  interact  with  those  of  perva- 
sive overfishing,  diminishing  nursery  areas,  and  extensive 
inshore  and  coastal  pollution.  Globally,  marine  fisheries  pro- 
duction is  expected  to  remain  about  the  same;  high-latitude 
freshwater  and  aquaculture  production  are  likely  to  increase, 
assuming  that  natural  climate  variability  and  the  structure  and 
strength  of  ocean  currents  remain  about  the  same.  The  princi- 
pal impacts  will  be  felt  at  the  national  and  local  levels  as 
species  mix  and  centers  of  production  shift.  The  positive 
effects  of  climate  change — such  as  longer  growing  seasons, 
lower  natural  winter  mortality,  and  faster  growth  rates  in  high- 
er latitudes — may  be  offset  by  negative  factors  such  as  changes 
in  established  reproductive  patterns,  migration  routes,  and 
ecosystem  relationships. 


3.4.         Human  Infrastructure 

Climate  change  and  resulting  sea-level  rise  can  have  a  number 
of  negative  impacts  on  energy,  industry,  and  transportation 
infrastructure;  human  settlements;  the  property  insurance 
industry;  tourism;  and  cultural  systems  and  values. 

In  general,  the  sensitivity  of  the  energy,  industry,  and  trans- 
portation sectors  is  relatively  low  compared  to  that  of  agricul- 
tural or  natural  ecosystems,  and  the  capacity  for  adaptation 
through  management  and  normal  replacement  of  capital  is 
expected  to  be  high.  However,  infrastructure  and  activities  in 
these  sectors  would  be  susceptible  to  sudden  changes,  surpris- 
es, and  increased  frequency  or  intensity  of  extreme  events.  The 
subsectors  and  activities  most  sensitive  to  climate  change 
include  agroindustry,  energy  demand,  production  of  renewable 
energy  such  as  hydroelectricity  and  biomass,  construction, 
some  transportation  activities,  existing  flood  mitigation  struc- 
tures, and  transportation  infrastructure  located  in  many  areas, 
including  vulnerable  coastal  zones  and  permafrost  regions. 

Climate  change  clearly  will  increase  the  vulnerability  of 
some  coastal  populations  to  flooding  and  erosional  land  loss. 
Estimates  put  about  46  million  people  per  year  currently  at 
risk  of  flooding  due  to  storm  surges.  This  estimate  results 
from  multiplying  the  total  number  of  people  currently  living 
in  areas  potentially  affected  by  ocean  flooding  by  the  proba- 
bility of  flooding  at  these  locations  in  any  year,  given  the 
present  protection  levels  and  population  density.  In  the 
absence  of  adaptation  measures,  a  50-cm  sea-level  rise 
would  increase  this  number  to  about  92  million;  a  I-m  sea- 
level  rise  would  raise  it  to  118  million.  If  one  incorporates 
anticipated  population  growth,  the  estimates  increase  sub- 
stantially. Some  small  island  nations  and  other  countries  will 
confront  greater  vulnerability  because  their  existing  sea  and 
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Table  2:  Selected  crop  study  results  for  2  x  C02-equivalent  equilibrium  GCM  scenarios. 


Region 


Former  Soviet 
Union 


Crop  Yield  Impact  (%)        Comments 


Maize  -61  to  increase  Data  are  ftxjm  Argentina,  Brazil,  Chile,  and  Mexico;  range  is  across 

GCM  scenarios,  with  and  without  COj  effect 

Wheat  -50  to  -5  Data  are  from  Argentina,  Uruguay,  and  Brazil;  range  is  across  GCM 

scenarios,  with  and  without  COj  effect 

Soybean  -10  to +40  Data  are  firom  Brazil;  range  is  across  GCM  scenarios,  with  COj  effect 


Wheat 
Grain 


-19  to +41 
-14  to +13 


Range  is  across  GCM  scenarios  and  region,  with  CO2  effect 


Europe 


Maize  -30  to  increase 


Data  are  from  France,  Spain,  and  northern  Europe;  with  adaptation  and 
CO2  effect;  assumes  longer  season,  irrigation  efficiency  loss,  and 
northward  shift. 


Wheat  increase  or 

decrease 


Vegetables  increase 


Data  are  from  France,  UK,  and  northern  Europe;  with  adaptation  and 
CO2  effect;  assumes  longer  season,  northward  shift,  increased  pest 
damage,  and  lower  risk  of  crop  failure. 

Data  are  from  UK  and  northern  Europe;  assumes  pest  damage 
increased  and  lower  risk  of  crop  failure. 


North  America 

Maize 

-55  to  +62 

Wheat 

-100  to +234 

Soybean 

-96  to  +58 

Africa 

Maize 

-65  to  +6 

Millet 

-79  to  -63 

Biomass 

Decrease 

South  Asia 

Rice 

-22  to  +28 

Maize 

-65  to  -10 

Wheat 

-61  to  +€7 

Data  are  from  USA  and  Canada:  range  is  across  GCM  scenarios  and 
sites,  with/without  adaptation  and  with/without  COj  effect. 

Data  are  from  USA;  less  severe  or  increase  with  CO,  and  adaptation. 


Data  are  from  Egypt,  Kenya,  South  Africa,  and  Zimbabwe;  range  is 
over  studies  and  climate  scenarios,  with  COj  effect. 

Data  are  from  Senegal;  carrying  capacity  fell  1 1-38%. 

Data  are  from  South  Africa;  agrozone  shifts. 


Data  are  from  Bangladesh,  India,  Philippines,  Thailand,  Indonesia, 
Malaysia,  and  Myanmar;  range  is  over  GCM  scenarios,  with  CO2 
effect;  some  studies  also  consider  adapation. 


Includes  rainfed  and  irrigated  rice;  range  is  across  sites  and  GCM 
scenarios;  genetic  variation  provides  scope  for  adaptation. 


Other  Asia  and 

Rice 

-45  to  +30 

Pacific  Rim 

Pasture 

-1  to  +35 

Wheat 

-41  to  +65 

Data  are  from  Japan  and  South  Korea;  range  is  across  GCM  scenarios; 
generally  positive  in  north  Japan,  and  negative  in  south. 

Data  are  from  Australia  and  New  Zealand;  regional  variation. 

Data  are  from  Australia  and  Japan;  wide  variation,  depending  on  cultivar. 


Note:  For  most  regions,  studies  have  focused  on  one  or  two  principal  grains.  These  studies  strongly  demonstrate  the  variabili- 
ty in  estimated  yield  impacts  among  countries,  scenarios,  methods  of  analysis,  and  crops,  making  it  difficult  to  generalize 
results  across  areas  or  for  different  climate  scenarios. 
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coastal  defense  systems  are  less  well-established.  Countries 
with  higher  population  densities  would  be  more  vulnerable. 
For  these  countries,  sea-level  rise  could  force  internal  or 
international  migration  of  populations. 

A  number  of  studies  have  evaluated  sensitivity  to  a  1-m  sea- 
level  rise.  This  increase  is  at  the  top  of  the  range  of  IPCC 
Working  Group  I  estimates  for  2100;  it  should  be  noted,  how- 
ever, that  sea  level  is  actually  projected  to  continue  to  rise 
beyond  2100.  Studies  using  this  1-m  projection  show  a  partic- 
ular risk  for  small  islands  and  deltas.  Estimated  land  losses 
range  from  0.05%  for  Uruguay,  1%  for  Egypt,  6%  for  the 
Netheriands,  and  17.5%  for  Bangladesh  to  about  80%  for  the 
Majuro  Atoll  in  the  Marshall  Islands,  given  the  present  state  of 
protection  systems.  Large  numbers  of  people  also  are  affect- 
ed— for  example,  about  70  million  each  in  China  and 
Bangladesh.  Many  nations  face  lost  capital  value  in  excess  of 
10%  of  their  gross  domestic  product  (GDP).  Although  annual 
protection  costs  for  many  nations  are  relatively  modest  (about 
0. 1  %  of  GDP),  the  average  annual  costs  to  many  small  island 
states  total  several  percent  of  GDP.  For  some  island  nations, 
the  high  cost  of  providing  storm-surge  protection  would  make 
it  essentially  infeasible,  especially  given  the  limited  availabili- 
ty of  capital  for  investment. 


could  economically  weaken  other  sectors,  such  as  banking.  The 
insurance  industry  cuirently  is  under  stress  from  a  series  of  "billion 
dollar"  storms  since  1987,  resulting  in  dramatic  increases  in  losses, 
reduced  availability  of  insurance,  and  higher  costs.  Some  in  the 
insurance  industry  perceive  a  current  trend  toward  increased  fre- 
quency and  severity  of  extreme  climate  events.  Examination  of  the 
meteorological  data  fails  to  support  this  perception  in  the  context  of 
a  long-term  change,  although  a  shift  within  the  limits  of  natural 
variability  inay  have  occurred.  Higher  losses  strongly  reflect 
increases  in  infinastructure  and  economic  worth  in  vulnerable  areas 
as  well  as  a  possible  shift  in  the  intensity  and  frequency  of  extreme 
weather  events. 


3.5. 


Human  Health 


Climate  change  is  likely  to  have  wide-ranging  and  mostly 
adverse  impacts  on  human  health,  with  significant  loss  of  life. 
These  impacts  would  arise  by  both  direct  and  indirect  path- 
ways (Figure  3),  and  it  is  likely  that  the  indirect  impacts  would, 
in  the  longer  term,  predominate. 

Direct  health  effects  include  increases  in  (predominantly  car- 
diorespiratory) mortality  and  illness  due  to  an  anticipated  increase 


The  most  vulnerable  human  settle- 
ments are  located  in  damage-prone 
areas  of  the  developing  worid  that  do 
not  have  the  resources  to  cope  with 
impacts.  Effective  coastal-zone  man- 
agement and  land-use  regulation  can 
help  direct  population  shifts  away 
from  vulnerable  locations  such  as 
flood  plains,  steep  hillsides,  and  low- 
lying  coastlines.  One  of  the  poten- 
tially unique  and  destructive  effects 
on  human  settlements  is  forced  inter- 
nal or  international  migration  of  pop- 
ulations. Programs  of  disaster  assis- 
tance can  offset  some  of  the  more 
serious  negative  consequences  of 
climate  change  and  reduce  the  num- 
ber of  ecological  refugees. 

Property  insurance  is  vulnerable  to 
extreme  climate  events.  A  higher  risk 
of  extreme  events  due  to  climate 
change  could  lead  to  higher  insurance 
premiums  or  the  withdrawal  of  cover- 
age for  property  in  some  vulnerable 
areas.  Changes  in  climate  variability 
and  the  risk  for  extreme  events  may 
be  difficult  to  detect  or  predict,  thus 
making  it  difficult  for  insurance  com- 
panies to  adjust  premiums  appropri- 
ately. If  such  difficulty  leads  to  insol- 
vency, companies  may  not  be  able  to 
honor  insurance  contracts,  which 


HealUi  Outcomes 


CLIMATE 
CHANCE:  ' 

TEMPERATURE, 
PRECIPITATION, 
AND  WEATHER    ^ 


Altered  frequency  and/or  intenstly 
of  other  extreme  weather  events 
(Hoods,  storms,  etc ) 


Altered  rates  of  heat-  and  cold-ielated 
•  Illness  and  death  (especially 
cardiovascular  and  respiratoty  diseases) 

Deaths,  injuries,  and  psychological 
.  disorders;  damage  to  public  health 
infrastructure 


Altered  food  (especially  crop) 
productivity  due  to  changes  in  climate, 
weather  events,  and  associated  pests  ' 
and  diseases 


Sea-level  rise,  with  population 
displacement  and  damage  to 
infrastructure  (e.g.,  sanilatioD) 


Social,  economic,  and  demographic 
dislocations  due  to  adverse  cUmate 
change  impacts  on  economy, 
infrastructure,  and  resource  supply 


Regional  malnutrition  and  hunger,  and 
.  consequent  impairment  of  child  growth 
and  development 

Injuries,  increased  risks  of  various 
infectious  disease  (due  to  migration. 
'  crowding,  contamination  of  dtinldng 
water),  psychological  disorders 

Asthma  and  allergic  disorders;  other 
.  acute  and  chronic  lespiratory  disonlers 
and  deaths 


Wide  range  of  public  health 
consequences  (e.g..  mental  health, 
nutritional  impairment,  infectious 
diseases,  civil  strife) 


Figure  3:  Ways  in  which  climate  change  can  affea  human  health. 
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in  the  intensity  and  duration  of  heat  waves.  Temperature  increases 
in  colder  regions  should  result  in  fewer  cold-related  deaths.  An 
increase  in  extreme  weather  would  cause  a  higher  incidence  of 
death,  injury,  psychological  disorders,  and  exposure  to  contami- 
nated water  supplies. 

Indirect  effects  of  climate  change  include  increases  in  the 
potential  transmission  of  vector-borne  infectious  diseases  (e.g., 
malaria,  dengue,  yellow  fever,  and  some  viral  encephalitis) 
resulting  from  extensions  of  the  geographical  range  and  season 
for  vector  organisms.  Projections  by  models  (that  entail  neces- 
sary simplifying  assumptions)  indicate  that  the  geographical 
zone  of  potential  malaria  transmission  in  response  to  world 
temperature  increases  at  the  upper  part  of  the  IPCC-projected 
range  (3-5°C  by  2100)  would  increase  from  approximately 
45%  of  the  world  population  to  approximately  60%  by  the  lat- 
ter half  of  the  next  century.  This  could  lead  to  potential 
increases  in  malaria  incidence  (on  the  order  of  50-80  million 
additional  annual  cases,  relative  to  an  assumed  global  back- 
ground total  of  500  million  cases),  primarily  in  tropical,  sub- 
tropical, and  less  well-protected  temperate-zone  populations. 
Some  increases  in  non-vector-bome  infectious  diseases — such 
as  salmonellosis,  cholera,  and  giardiasis — also  could  occur  as 
a  result  of  elevated  temperatures  and  increased  flooding. 


that  accelerate  technology  development,  diffusion,  and  transfer 
in  all  sectors  including  the  energy,  industry,  transportation,  res- 
idential/commercial, and  agricultural/forestry  sectors.  By  the 
year  2100,  the  world's  commercial  energy  system  in  effect  will 
be  replaced  at  least  twice,  offering  opportunities  to  change  the 
energy  system  without  premature  retirement  of  capital  stock; 
significant  amounts  of  capital  stock  in  the  industrial,  commer- 
cial, residential,  and  agriculmral/forestry  sectors  will  also  be 
replaced.  These  cycles  of  capital  replacement  provide  opportu- 
nities to  use  new,  better  performing  technologies.  It  should  be 
noted  that  the  analyses  of  Working  Group  II  do  not  attempt  to 
quantify  potential  macroeconomic  consequences  that  may  be 
associated  with  mitigation  measures.  Discussion  of  macroeco- 
nomic analyses  is  found  in  the  IPCC  Working  Group  ffl  con- 
tribution to  the  Second  Assessment  Report.  The  degree  to 
which  technical  potential  and  cost-effectiveness  are  realized  is 
dependent  on  initiatives  to  counter  lack  of  information  and 
overcome  cultural,  institutional,  legal,  flnancial  and  economic 
barriers  that  can  hinder  diffusion  of  technology  or  behavioral 
changes.  The  pursuit  of  mitigation  options  can  be  carried  out 
within  the  limits  of  sustainable  development  criteria.  Social 
and  environmental  criteria  not  related  to  greenhouse  gas  emis- 
sions abatement  could,  however,  restrict  the  ultimate  potential 
of  each  of  the  options. 


Additional  indirect  effects  include  respiratory  and  allergic  dis- 
orders due  to  climate-enhanced  increases  in  some  air  pollu- 
tants, pollens,  and  mold  spores.  Exposure  to  air  pollution  and 
stressful  weather  events  combine  to  increase  the  likelihood  of 
morbidity  and  mortality.  Some  regions  could  experience  a 
decline  in  nutritional  status  as  a  result  of  adverse  impacts  on 
food  and  fisheries  productivity.  Limitations  on  freshwater  sup- 
plies also  will  have  human  health  consequences. 

Quantifying  the  projected  impacts  is  difficult  because  the 
extent  of  climate-induced  health  disorders  depends  on  numer- 
ous coexistent  and  interacting  factors  that  characterize  the  vul- 
nerability of  the  particular  population,  including  environmen- 
tal and  socioeconomic  circumstances,  nutritional  and  immune 
status,  population  density,  and  access  to  quality  health  care  ser- 
vices. Adaptive  options  to  reduce  health  impacts  include  pro- 
tective technology  (e.g.,  housing,  air  conditioning,  water 
purification,  and  vaccination),  disaster  preparedness,  and 
appropriate  health  care. 


4.         Options  to  Reduce  Emissions  and  Enhance 
Sinks  of  Greenhouse  Gases 

Human  activities  are  directly  increasing  the  atmospheric  con- 
centrations of  several  greenhouse  gases,  especially  CO2,  CH^, 
halocarbons,  sulfur  hexafluoride  (SFJ,  and  nitrous  oxide 
(N2O).  CO2  is  the  most  important  of  these  gases,  followed  by 
CH4.  Human  activities  also  indirectly  affect  concentrations  of 
water  vapor  and  ozone.  Significant  reductions  in  net  green- 
house gas  emissions  are  technically  possible  and  can  be  eco- 
nomically feasible.  These  reductions  can  be  achieved  by  utiliz- 
ing an  extensive  array  of  technologies,  and  policy  measures 


4.1.         Energy,  Industrial  Process,  and 
Human  Settlement  Emissions 

Global  energy  demand  has  grown  at  an  average  annual  rate  of 
approximately  2%  for  almost  2  centuries,  although  energy 
demand  growth  varies  considerably  over  time  and  between  dif- 
ferent regions.  In  the  published  literature,  different  methods 
and  conventions  are  used  to  characterize  energy  consumption. 
These  conventions  differ,  for  example,  according  to  their  defi- 
nition of  sectors  and  their  treatment  of  energy  forms.  Based  on 
aggregated  national  energy  balances,  385  EJ  of  primary  energy 
was  consumed  in  the  world  in  1990,  resulting  in  the  release  of 
6  Gt  C  as  CO2.  Of  this,  279  EJ  was  delivered  to  end  users, 
accounting  for  3.7  Gt  C  emissions  as  CO2  at  the  point  of  con- 
sumption. The  remaining  106  EJ  was  used  in  energy  conver- 
sion and  distribution,  accounting  for  2.3  Gt  C  emissions  as 
CO2.  In  1990,  the  three  largest  sectors  of  energy  consumption 
were  industry  (43%  of  total  CO2  releases),  residential/commer- 
cial buildings  (28%),  and  ttansport  (22%).  Of  these,  tfansport 
sector  energy  use  and  related  CO2  emissions  have  been  the 
most  rapidly  growing  over  the  past  2  decades.  For  the  detailed 
sectoral  mitigation  option  assessment  in  this  report,  1990  ener- 
gy consumption  estimates  are  based  on  a  range  of  literature 
sources;  a  variety  of  conventions  are  used  to  define  these  sec- 
tors and  their  energy  use,  which  is  estimated  to  amount  to  a 
total  of  259-282  EJ. 

Figure  4  depicts  total  energy-related  emissions  by  major  world 
region.  Organisation  for  Economic  Cooperation  and 
Development  (OECD)  nations  have  been  and  remain  major 
energy  users  and  fossil  fuel  CO2  emitters,  although  their  share 
of  global  fossil  fuel  carbon  emissions  has  been  declining. 
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Figure  4:  Global  energy-related  CO2  emissions  by  major  world  region  in  Gt  C/yr  (Marland  et  al.,  1994;  Griibler  and  Nakicenovic.  1992; 
Etemand  and  Luciani,  1991 ;  Fujii,  1990;  UN.  1952).  Note  that  CPA  =  Centrally  Planned  Asia  and  PAO  =  Pacific  and  Oceania. 


Developing  nations,  taken  as  a  group,  still  account  for  a  small- 
er portion  of  total  global  CO2  emissions  than  industrialized 
nations — OECD  and  former  Soviet  Union/Eastern  Europe 
(FSU/EE) — but  most  projections  indicate  that  with  forecast 
rates  of  economic  and  population  growth,  the  future  share  of 
developing  countries  will  increase.  Future  energy  demand  is 
anticipated  to  continue  to  grow,  at  least  through  the  first  half  of 
the  next  century.  The  IPCC  (1992,  1994)  projects  that  without 
policy  intervention,  there  could  be  significant  growth  in  emis- 
sions from  the  industrial,  transportation,  and  commercial/resi- 
dential buildings  sectors. 


4.1.1.        Energy  Demand 

Numerous  studies  have  indicated  that  10-30%  energy -efficien- 
cy gains  above  present  levels  are  feasible  at  little  or  no  net  cost 
in  many  parts  of  the  world  through  technical  conservation  mea- 
sures and  improved  management  practices  over  the  next  2  to  3 
decades.  Using  technologies  that  presently  yield  the  highest 
output  of  energy  services  for  a  given  input  of  energy,  efficiency 
gains  of  50-60%  would  be  technically  feasible  in  many  coun- 
tries over  the  same  time  period.  Achieving  these  potentials  will 
depend  on  future  cost  reductions,  financing,  and  technology 


U'ansfer,  as  well  as  measures  to  overcome  a  variety  of  non-tech- 
nical barriers.  The  potential  for  greenhouse  gas  emission  reduc- 
tions exceeds  the  potential  for  energy  use  efficiency  because  of 
the  possibility  of  switching  fuels  and  energy  sources.  Because 
energy  use  is  growing  world-wide,  even  replacing  current  tech- 
nology with  more  efficient  technology  could  still  lead  to  an 
absolute  increase  in  CO2  emissions  in  the  future. 

In  1992,  the  IPCC  produced  sbt  scenarios  (IS92a-f)  of  future  ener- 
gy use  and  associated  greenhouse  gas  emissions  (IPCC,  1992, 
1995).  These  scenarios  provide  a  wide  range  of  possible  future 
greenhouse  gas  emission  levels,  without  mitigation  measures. 

In  the  Second  Assessment  Report,  future  energy  use  has  been 
reexamined  on  a  more  detailed  sectoral  basis,  both  with  and 
without  new  mitigation  measures,  based  on  existing  studies. 
Despite  different  assessment  approaches,  the  resulting  ranges 
of  energy  consumption  increases  to  2025  without  new  mea- 
sures are  broadly  consistent  with  those  of  IS92.  If  past  trends 
continue,  greenhouse  gas  emissions  will  grow  more  slowly 
than  energy  use,  except  in  the  transport  sector. 

The  following  paragraphs  summarize  energy-efficiency 
improvement  potentials  estimated   in   the   IPCC   Second 
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Assessment  Repon.  Strong  policy  measures  would  be  required 
to  achieve  these  potentials.  Energy-related  greenhouse  gas 
emission  reductions  depend  on  the  source  of  the  energy,  but 
reductions  in  energy  use  will  in  general  lead  to  reduced  green- 
house gas  emissions. 

Industry.  Energy  use  in  1990  was  estimated  to  be  98-117  EJ, 
and  is  projected  to  grow  to  140-242  EJ  in  2025  without  new 
measures.  Countries  differ  widely  in  their  current  industrial  ener- 
gy use  and  energy-related  greenhouse  gas  emission  trends. 
Industrial  sector  energy-related  greenhouse  gas  emissions  in 
most  industrialized  countries  are  expected  to  be  stable  or 
decreasing  as  a  result  of  industrial  restructuring  and  technologi- 
cal innovation,  whereas  industrial  emissions  in  developing  coun- 
tries are  projected  to  increase  mainly  as  a  result  of  industrial 
growth.  The  short-term  potential  for  energy-efficiency  improve- 
ments in  the  manufacturing  sector  of  major  industrial  countries 
is  estimated  to  be  25%.  The  potential  for  greenhouse  gas  emis- 
sion reductions  is  larger  Technologies  and  measures  for  reduc- 
ing energy-related  emissions  from  this  sector  include  improving 
efficiency  (e.g.,  energy  and  materials  savings,  cogeneration, 
energy  cascading,  steam  recovery,  and  use  of  more  efficient 
motors  and  other  electrical  devices);  recycling  materials  and 
switching  to  those  with  lower  greenhouse  gas  emissions:  and 
developing  processes  that  use  less  enei;gy  and  materials. 

IVansportation.  Energy  use  in  1990  was  estimated  to  be 
61-65  EJ,  and  is  projected  to  grow  to  90-140  EJ  in  2025  with- 
out new  measures.  Projected  energy  use  in  2025  could  be 
reduced  by  about  a  third  to  60-100  EJ  through  vehicles  using 
very  efficient  drive-trains,  lightweight  construction,  and  low 
air-resistance  design,  without  compromising  comfort  and  per- 
formance. Further  energy-use  reductions  are  possible  through 
the  use  of  smaller  vehicles;  altered  land-use  patterns,  transport 
systems,  mobility  patterns,  and  lifestyles;  and  shifting  to  less 
energy-intensive  transport  modes.  Greenhouse  gas  emissions 
per  unit  of  energy  used  could  be  reduced  through  the  use  of 
alternative  fuels  and  electricity  from  renewable  sources.  These 
measures,  taken  together,  provide  the  opportunity  for  reducing 
global  transport  energy-related  greenhouse  gas  emissions  by 
as  much  as  40%  of  projected  emissions  by  2025.  Actions  to 
reduce  energy-related  greenhouse  gas  emissions  from  trans- 
port can  simultaneously  address  other  problems  such  as  local 
air  pollution. 

Commercial/Residential  Sector.  Energy  use  in  1990  was  esti- 
mated to  be  about  100  EJ,  and  is  projected  to  grow  to  165-205 
EJ  in  2025  without  new  measiues.  Projected  ener;gy  use  could 
be  reduced  by  about  a  quarter  to  126-170  EJ  by  2025  without 
diminishing  services  through  the  use  of  energy  efficient  tech- 
nology. The  potential  for  greenhouse  gas  emission  reductions 
is  larger  Technical  changes  might  include  reduced  heat  trans- 
fers through  building  structures  and  more  efficient  space-con- 
ditioning and  water  supply  systems,  lighting,  and  appliances. 
Ambient  temperatures  in  urban  areas  can  be  reduced  through 
increased  vegetation  and  greater  reflectivity  of  building  sur- 
faces, reducing  the  energy  required  for  space  conditioning. 
Energy-related  greenhouse  gas  emission  reductions  beyond 


those  obtained  through  reduced  energy  use  could  be  achieved 
through  changes  in  energy  sources. 


4. 1.2.        Mitigating  Industrial  Process  and  Human 
Settlement  Emissions 

Process-related  greenhouse  gases  including  COj,  CH4,  N2O, 
halocarbons,  and  SF^  are  released  during  manufacturing  and 
industrial  processes,  such  as  the  production  of  iron,  steel,  alu- 
minum, ammonia,  cement,  and  other  materials.  Large  reduc- 
tions are  possible  in  some  cases.  Measures  include  modifying 
production  processes,  eliminating  solvents,  replacing  feed- 
stocks, materials  substitution,  increased  recycling,  and  reduced 
consimiption  of  greenhouse  gas-intensive  materials.  Capturing 
and  utilizing  CH4  from  landfills  and  sewage  treatment  facilities 
and  lowering  the  leakage  rate  of  halocarbon  refrigerants  from 
mobile  and  stationary  sources  also  can  lead  to  significant 
greenhouse  gas  emission  reductions. 


4.1.3.        Energy  Supply 

This  assessment  focuses  on  new  technologies  for  capital 
investment  and  not  on  potential  retrofitting  of  existing  capital 
stock  to  use  less  carbon-intensive  forms  of  primary  energy.  It 
is  technically  possible  to  realize  deep  emissions  reductions  in 
the  energy  supply  sector  in  step  with  the  normal  timing  of 
investments  to  replace  infrastructure  and  equipment  as  it  wears 
out  or  becomes  obsolete.  Many  options  for  achieving  these 
deep  reductions  will  also  decrease  the  emissions  of  sulfur  diox- 
ide, nitrogen  oxides,  and  volatile  organic  compounds. 
Promising  approaches,  not  ordered  according  to  priority,  are 
described  below. 


4.1.3.1.        Greenhouse  gas  reductions  in  the  use  of  fossil  fuels 

More  Efficient  Conversion  of  Fossil  Fuels.  New  technology 
offers  considerably  increased  conversion  efficiencies.  For 
example,  the  efficiency  of  power  production  can  be  increased 
from  the  present  world  average  of  about  30%  to  more  than 
60%  in  the  longer  term.  Also,  the  use  of  combined  heat  and 
power  production  replacing  separate  production  of  power  and 
heat — whether  for  process  heat  or  space  heating — offers  a  sig- 
nificant rise  in  fuel  conversion  efficiency. 

Switching  to  Low-Carbon  FossQ  Fuels  and  Suppressing 
Emissions.  Switching  from  coal  to  oil  or  natural  gas,  and  from 
oil  to  natural  gas,  can  reduce  emissions.  Natural  gas  has  the 
lowest  CO2  emissions  per  unit  of  energy  of  all  fossil  fuels  at 
about  14  kg  C/GJ,  compared  to  oil  with  about  20  kg  C/GJ  and 
coal  with  about  25  kg  OGJ.  The  lower  carbon-containing  fuels 
can,  in  general,  be  converted  with  higher  efficiency  than  coal. 
Large  resources  of  natural  gas  exist  in  many  areas.  New,  low 
capital  cost,  highly  efficient  combined-cycle  technology  has 
reduced  electricity  costs  considerably  in  some  areas.  Natural 
gas  could  potentially  replace  oil  in  the  transportation  sector. 
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Approaches  exist  to  reduce  emissions  of  CH4  from  natural  gas 
pipelines  and  emissions  of  CH,  and/or  CO2  from  oil  and  gas 
wells  and  coal  mines. 

Decarbonization  of  Flue  Gases  and  Fuels,  and  COj  Storage. 

The  removal  and  storage  of  COj  from  fossil  fuel  power-station 
stack  gases  it  feasible,  but  reduces  the  conversion  efficiency 
and  significantly  increases  the  production  cost  of  electricity. 
Another  approach  to  decarbonization  uses  fossil  fuel  feed- 
stocks to  make  hydrogen-rich  fuels.  Both  approaches  generate 
a  byproduct  stream  of  COj  that  could  be  stored,  for  example, 
in  depleted  natural  gas  fields.  The  future  availability  of  con- 
version technologies  such  as  fuel  cells  that  can  efficiently  use 
hydrogen  would  increase  the  relative  attractiveness  of  the  lat- 
ter approach.  For  some  longer  term  CO2  storage  options,  the 
costs,  environmental  effects,  and  efficacy  of  such  options 
remain  largely  unknown. 


4.1.3.2.        Switching  to  non-fossil  fuel  sources  of  energy 

Switching  to  Nuclear  Energy.  Nuclear  energy  could  replace 
baseload  fossil  fuel  electricity  generation  in  many  parts  of  the 
world  if  generally  acceptable  responses  can  be  found  to  con- 
cerns such  as  reactor  safety,  radioactive-waste  transport  and 
disposal,  and  nuclear  proliferation. 

Switching  to  Renewable  Sources  of  Energy.  Solar,  biomass, 
wind,  hydro,  and  geothermal  technologies  already  are  widely 
used.  In  1990,  renewable  sources  of  energy  contributed  about  20% 
of  the  world's  primary  energy  consumption,  most  of  it  fuelwood 
and  hydropower.  Technological  advances  offer  new  opportunities 
and  declining  costs  for  energy  from  these  sources.  In  the  longer 
term,  renewable  sources  of  energy  could  meet  a  major  part  of  the 
world's  demand  for  energy.  Power  systems  can  easily  accommo- 
date limited  fractions  of  intermittent  generation,  and  with  the  addi- 
tion of  fast-responding  backup  and  storage  units,  also  higher  frac- 
tions. Where  biomass  is  sustainably  regrown  and  used  to  displace 
fossil  ftiels  in  energy  production,  net  carbon  emissions  are  avoid- 
ed as  the  CO2  released  in  converting  the  biomass  to  energy  is  again 
fixed  in  biomass  through  photosynthesis.  If  the  development  of 
biomass  energy  can  be  carried  out  in  ways  that  effectively  address 
concerns  about  other  environmental  issues  and  competition  with 
other  land  uses,  biomass  could  make  major  contributions  in  both 
the  electricity  and  fuels  markets,  as  well  as  offering  prospects  of 
increasing  rural  employment  and  income. 


4.1.4.        Integration  of  Energy  System  Mitigation  Options 

To  assess  the  potential  impact  of  combinations  of  individual  mea- 
sures at  the  energy  system  level,  in  contrast  to  the  level  of  indi- 
vidual technologies,  variants  of  a  Low  C02-Emitting  Energy 
Supply  System  (LESS)  are  described.  The  LESS  constructions  are 
"thought  experiments"  exploring  possible  global  energy  systems. 

The  following  assumptions  were  made;  World  population 
grows  from  5.3  billion  in  1990  to  9.5  billion  by  2050  and  10.5 


billion  by  2100.  GDP  grows  7-foId  by  2050  (5-fold  and  14-fold 
in  industrialized  and  developing  countries,  respectively)  and 
25-fold  by  2100  (13-fold  and  70-fold  in  industrialized  and 
developing  countries,  respectively),  relative  to  1990.  Because 
of  emphasis  on  energy  efficiency,  primary  energy  consumption 
rises  much  more  slowly  than  GDP.  The  energy  supply  con- 
structions were  made  to  meet  energy  demand  in  (i)  projections 
developed  for  the  IPCC's  First  Assessment  Report  (1990)  in  a 
low  energy  demand  variant,  where  global  primary  commercial 
energy  use  approximately  doubles,  with  no  net  change  for 
industrialized  countries  but  a  4.4-fold  increase  for  developing 
countries  from  1990  to  2100;  and  (ii)  a  higher  energy  demand 
variant,  developed  in  the  IPCC  IS92a  scenario  where  energy 
demand  quadruples  from  1990  to  2100.  The  energy  demand 
levels  of  the  LESS  constructions  are  consistent  with  the  energy 
demand  mitigation  chapters  of  this  Second  Assessment  Report. 

Figure  5  shows  combinations  of  different  energy  sources  to 
meet  changing  levels  of  demand  over  the  next  century.  The 
analysis  of  these  variants  leads  to  the  following  conclusions: 

•  Deep  reductions  of  CO2  emissions  from  energy  sup- 
ply systems  are  technically  possible  within  50  to  100 
years,  using  alternative  strategies. 

•  Many  combinations  of  the  options  identified  in  this 
assessment  could  reduce  global  COj  emissions  from 
fossil  fuels  from  about  6  Gt  C  in  1990  to  about  4  Gt 
C/yr  by  2050,  and  to  about  2  Gt  C/yr  by  2100  (see 
Figure  6).  Cumulative  CO2  emissions,  from  1990  to 
2 100,  would  range  from  about  450  to  about  470  Gt  C 
in  the  alternative  LESS  constructions. 

•  Higher  energy  efficiency  is  underscored  for  achieving 
deep  reductions  in  CO2  emissions,  for  increasing  the 
fiexibility  of  supply  side  combinations,  and  for  reduc- 
ing overall  energy  system  costs. 

•  Interregional  trade  in  energy  grows  in  the  LESS  con- 
structions compared  to  today's  levels,  expanding  sus- 
tainable development  options  for  Africa,  Latin 
America,  and  the  Middle  East  during  the  next  century. 

Costs  for  energy  services  in  each  LESS  variant  relative  to  costs 
for  conventional  energy  depend  on  relative  future  energy 
prices,  which  are  uncertain  within  a  wide  range,  and  on  the  per- 
formance and  cost  characteristics  assumed  for  alternative  tech- 
nologies. However,  within  the  wide  range  of  future  energy 
prices,  one  or  more  of  the  variants  would  plausibly  be  capable 
of  providing  the  demanded  energy  services  at  estimated  costs 
that  are  approximately  the  same  as  estimated  future  costs  for 
current  conventional  energy.  It  is  not  possible  to  identify  a 
least-cost  future  energy  system  for  the  longer  term,  as  the  rela- 
tive costs  of  options  depend  on  resource  constraints  and  tech- 
nological opportunities  that  are  imperfectly  known,  and  on' 
actions  by  governments  and  the  private  sector. 

The  literature  provides  strong  support  for  the  feasibility  of 
achieving  the  performance  and  cost  characteristics  assumed  for 
energy  technologies  in  the  LESS  constructions,  within  the  next 
2  decades,  though  it  is  impossible  to  be  certain  until  the  research 
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Figure  5:  Global  primary  energy  use  for  alternative  Low  COj-Emitting  Energy  Supply  System  (LESS)  constructions:  Alternatives  for 
meeting  different  energy  demand  levels  over  time,  using  various  fuel  mixes. 


and  development  is  complete  and  the  technologies  have  been 
tested  in  the  market.  Moreover,  these  performance  and  cost 
characteristics  cannot  be  achieved  without  a  strong  and  sus- 
tained investment  in  research,  development,  and  demonstration 
(RD&D).  Many  of  the  technologies  being  developed  would 
need  initial  support  to  enter  the  market,  and  to  reach  sufficient 
volume  to  lower  costs  to  become  competitive. 

Market  penetration  and  continued  acceptability  of  different 
energy  technologies  ultimately  depends  on  their  relative  cost, 
performance  (including  environmental  performance),  institu- 
tional arrangements,  and  regulations  and  policies.  Because 
costs  vary  by  location  and  application,  the  wide  variety  of  cir- 
cumstances creates  initial  opportunities  for  new  technologies 
to  enter  the  market  Deeper  understanding  of  the  opportunities 


for  emissions  reductions  would  require  more  detailed  analysis 
of  options,  taking  into  account  local  conditions. 

Because  of  the  large  number  of  options,  there  is  flexibility  as 
to  how  the  energy  supply  system  could  evolve,  and  paths  of 
energy  system  development  could  be  influenced  by  considera- 
tions other  than  climate  change,  including  political,  environ- 
mental (especially  indoor  and  urban  air  pollution,  acidification, 
and  land  restoration),  and  socioeconomic  circumstances. 


4.2.         Agriculture,  Rangelands,  and  Forestry 

Beyond  the  use  of  biomass  fiiels  to  displace  fossil  fuels,  the  man- 
agement of  forests,  agricultural  lands,  and  rangelands  can  play  an 
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Figure  6:  Annual  energy-related  CO2  emissions  for  alternative  LESS  constructions,  with  comparison  to  the  IPCC  IS92a-f  scenarios. 


important  role  in  reducing  current  emissions  of  CO2,  CH4,  and 
N2O  and  in  enhancing  carbon  sinks.  A  number  of  measures  could 
conserve  and  sequester  substantial  amounts  of  carbon  (approxi- 
mately 60-90  Gt  C  in  the  forestry  sector  alone)  over  the  next  50 
years.  In  the  forestry  sector,  costs  for  conserving  and  sequester- 
ing carbon  in  biomass  and  soil  are  estimated  to  range  widely  but 
can  be  competitive  with  other  mitigation  options.  Factors  affect- 
ing costs  include  opportunity  costs  of  land;  initial  costs  of  plant- 
ing and  establishment;  costs  of  nurseries;  the  cost  of  annual  main- 
tenance and  monitoring;  and  transaction  costs.  Direct  and  indirect 
benefits  will  vary  with  national  circumstances  and  could  offset 
the  costs.  Other  practices  in  the  agriculture  sector  could  reduce 
emissions  of  other  greenhouse  gases  such  as  CH4  and  NjO.  Land- 
use  and  management  measures  include: 


Sustaining  existing  forest  cover 

Slowing  deforestation 

Regenerating  natural  forests 

Establishing  tree  plantations 

Promoting  agroforestiy 

Altering  management  of  agricultural  soils  and  rangelands 

Improving  efficiency  of  fertilizer  use 


•  Restoring  degraded  agricultural  lands  and  rangelands 

•  Recovering  CH4  from  stored  manure 

•  Improving  the  diet  quality  of  ruminants. 

The  net  amount  of  carbon  per  unit  area  conserved  or 
sequestered  in  living  biomass  under  a  particular  forest  man- 
agement practice  and  present  climate  is  relatively  well  under- 
stood. The  most  important  uncertainties  associated  with  esti- 
mating a  global  value  are  (i)  the  amount  of  land  suitable  and 
available  for  forestation,  regeneration,  and/or  restoration  pro- 
grams; (ii)  the  rate  at  which  tropical  deforestation  can  actually 
be  reduced;  (iii)  the  long-term  use  (security)  of  these  lands;  and 
(iv)  the  continued  suitability  of  some  practices  for  particular 
locations  given  the  possibility  of  changes  in  temperature,  water 
availability,  and  so  forth  under  climate  change. 


4.3. 


Cross-Sectoral  Issues 


Cross-sectoral  assessment  of  different  combinations  of  mitiga- 
tion options  focuses  on  the  interactions  of  the  full  range  of  tech- 
nologies and  practices  that  are  potentially  capable  of  reducing 
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emissions  of  greenhouse  gases  or  sequestering  carbon.  Current 
analysis  suggests  the  following: 

Competing  Uses  of  Land,  Water,  and  Other 
Natural  Resources.  A  growing  population  and 
expanding  economy  will  increase  the  demand  for  land 
and  other  natural  resources  needed  to  provide,  inter 
alia,  food,  fiber,  forest  products,  and  recreation  ser- 
vices. Climate  change  will  interact  with  the  resulting 
intensified  patterns  of  resource  use.  Land  and  other 
resources  could  also  be  required  for  mitigation  of 
greenhouse  gas  emissions.  Agricultural  productivity 
improvements  throughout  the  world  and  especially  in 
developing  countries  would  increase  availability  of 
land  for  production  of  biomass  energy. 
•  Geoengineering  Options.  Some  geoengineering 
approaches  to  counterbalance  greenhouse  gas-induced 
climate  change  have  been  suggested  (e.g.,  putting 
solar  radiation  refiectors  in  space  or  injecting  sulfate 
aerosols  into  the  atmosphere  to  mimic  the  cooling 
influence  of  volcanic  eruptions).  Such  approaches 
generally  are  likely  to  be  ineffective,  expensive  to  sus- 
tain, and/or  to  have  serious  environmental  and  other 
effects  that  are  in  many  cases  poorly  understood. 


4.4,         Policy  Instruments 

Mitigation  depends  on  reducing  barriers  to  the  diffusion  and 
transfer  of  technology,  mobilizing  financial  resources,  support- 
ing capacity  building  in  developing  countries,  and  other 
approaches  to  assist  in  the  implementation  of  behavioral 
changes  and  technological  opportunities  in  all  regions  of  the 
globe.  The  optimum  mix  of  policies  will  vary  from  country  to 
country,  depending  upon  political  structure  and  societal  recep- 
tiveness.  The  leadership  of  national  governments  in  applying 
these  policies  will  contribute  to  responding  to  adverse  conse- 
quences of  climate  change.  Governments  can  choose  policies 
that  facilitate  the  penetration  of  less  greenhouse  gas-intensive 
technologies  and  modified  consumption  patterns.  Indeed, 
many  countries  have  extensive  experience  with  a  variety  of 
policies  that  can  accelerate  the  adoption  of  such  technologies. 
This  experience  comes  from  efforts  over  the  past  20  to  30  years 
to  achieve  improved  energy  efficiency,  reduce  the  environ- 
mental impacts  of  agricultural  policies,  and  meet  conservation 
and  environmental  goals  unrelated  to  climate  change.  Policies 
to  reduce  net  greenhouse  gas  emissions  appear  more  easily 
implemented  when  they  are  designed  to  address  other  concerns 
that  impede  sustainable  development  (e.g.,  air  pollution  and 
soil  erosion).  A  number  of  policies,  some  of  which  may  need 
regional  or  international  agreement,  can  facilitate  the  penetra- 
tion of  less  greenhouse  gas-intensive  technologies  and  modi- 
fied consumption  patterns,  including: 

•  Putting  in  place  appropriate  institutional  and  structur- 
al frameworks 

•  Energy  pricing  strategies  (e.g.,  carbon  or  energy 
taxes,  and  reduced  energy  subsidies) 


Reducing  or  removing  other  subsidies  (e.g.,  agricul- 
tural and  transport  subsidies)  that  increase  greenhouse 
gas  emissions 
Tradable  emissions  permits 

Voluntary  programs  and  negotiated  agreements  with 
industry 

Utility  demand-side  management  programs 
Regulatory  programs,  including  minimum  energy- 
efficiency  standards  (e.g.,  for  appliances  and  fuel 
economy) 

Stimulating  RD&D  to  make  new  technologies  available 
Market  pull  and  demonstration  programs  that  stimu- 
late the  development  and  application  of  advanced 
technologies 

Renewable  energy  incentives  during  market  build-up 
Incentives  such  as  provisions  for  accelerated  depreci- 
ation and  reduced  costs  for  consumers 
Education  and  training;   information  and  advisory 
measures 

Options  that  also  support  other  economic  and  envi- 
ronmental goals. 


Accelerated  development  of  technologies  that  will  reduce 
greenhouse  gas  emissions  and  enhance  greenhouse  gas  sinks — 
as  well  as  understanding  the  barriers  that  inhibit  their  diffusion 
into  the  marketplace — requires  intensified  research  and  devel- 
opment by  governments  and  the  private  sector. 
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Mr.  ROHRABACHER.  Just  a  point  of  clarification  before  we  move 
on  there  to  Dr.  Nierenberg. 

You  mentioned  what  would  happen  in  these  various  countries  if, 
you  said,  there  was  a  one  meter  rise  in  the  ocean? 

Are  you  projecting,  or  is  someone  projecting  that  there  is  going 
to  be  a  one-meter  rise  in  the  ocean  level? 

Dr.  Watson.  The  IPCC  Working  Group  I  is  projecting  that  by  the 
year  2100  temperature  would  be  1  to  3.5  degrees  centigrade  warm- 
er, and  therefore  sea  level  would  be  between  15  centimeters  and  95 
centimeters.  In  other  words,  within  5  centimeters  of  1  meter  by 
2100. 

But  even  then,  even  larger  changes  thereafter,  even  if  we  sta- 
bilize climate,  in  the  year  2100  sea  level  would  continue  to  increase 
for  another  couple  of  centuries. 

So  the  answer  is,  yes,  it  is  within  the  feasible  range  of  our  projec- 
tions. 

Mr.  ROHRABACHER.  So  in  100  years,  you  are  not  predicting  the 
1  meter,  but  you  say  that  after  that  it  could  well  continue  to  rise? 

Dr.  Watson.  Our  best  estimate  is  50  centimeters  in  one  century, 
although  it  is  not  implausible  it  could  also  be  one  meter.  There- 
after, there  is  no  question  it  could  continue  to  rise  to  1  meter  and 
greater. 

Mr.  ROHRABACHER.  Okay.  We  will  get  back  to  that  a  little  later. 

Dr.  Nierenberg? 

STATEMENT  OF  WILLIAM  A.  NIERENBERG,  DIRECTOR 
EMERITUS,  SCRIPPS  INSTITUTE  OF  OCEANOGRAPHY 

Mr.  Nierenberg.  Mr.  Chairman,  I  am  grateful  for  this  oppor- 
tunity to  place  my  views  on  climate  change  and  modelling  before 
the  committee.  The  testimony  is  based  largely  on  two  documents — 
Progress  and  Problems.  A  Decade  of  Research  on  Global  Warming, 
The  Bridge,  (National  Academy  of  Engineering);  and  Looking  Back 
Ten  Years,  a  publication  at  IIASA.  I  hope  these  can  go  into  the 
record,  Mr.  Chairman. 

Mr.  ROHRABACHER.  It  is  SO  ordered,  with  no  objection. 

Mr.  Nierenberg.  I  begin  by  repeating  what  I  often  feel  is  a  nec- 
essary prelude  to  a  presentation  of  the  issues.  There  is  no  question 
in  my  mind  that  the  current  anthropological  growth  of  C02  in  the 
atmosphere  ins  bound  to  influence  the  climate.  The  question  is  not 
whether  but  when,  how  much,  and  the  nature  and  the  magnitude 
of  the  effects. 

The  fixing  of  when  has  taken  an  interesting  turn.  Ten  years  ago, 
discussion  of  effects  centered  around  the  middle  of  next  century, 
often  the  year  2040.  Now,  almost  universally,  climate  change  ef- 
fects are  normalized  at  the  year  2100,  105  years  away  from  the 
present. 

As  an  example — and  I  have  to  differ — an  average  sea  level  rise 
is  projected  by  current  models  to  be  about  30  centimeters,  1  foot, 
at  that  time,  by  the  year  2100. 

This  rate  also  seems  to  be  consistent  with  the  early  returns  from 
the  TOPEX  satellite  measurements. 

I  should  be  wanting  in  this  recital  if  I  did  not  direct  your  atten- 
tion to  the  large  difference  between  this  result  and  earlier  pre- 
dictions of  an  order  of  magnitude  larger  changes. 
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It  was  only  15  years  ago  that  a  leading  scientist  predicted  25  feet 
in  decades.  We  now  have  1  foot  in  105  years. 

The  number  that  surfaces  most  often  in  the  discussion  of  climate 
is  the  change  in  the  average  global  surface  temperature  change. 
The  data  for  the  past  100  years  has  been  painfully  and  methodi- 
cally pieced  together  and  shows  a  rise  of  about  0.6  degrees  Centi- 
grade. 

Unfortunately — I  hate  to  read  the  rest  of  this  paragraph,  because 
Congressman  Ehlers  preempted  my  remark  at  this  point — unfortu- 
nately, this  is  the  least  interesting  aspect  of  climate  change. 

What  is  crucial  is  knowledge  of  the  change  in  the  statistical  be- 
havior— and  by  that  I  do  not  mean  the  average;  I  mean  the  sigma, 
the  root  mean  square  variation  of  the  quantity  such  as  rainfall, 
storm  frequency  and  intensity,  flooding,  coastal  storm  surges,  and 
so  on. 

By  contrast,  we  can  visualize  an  induced  change  that  increases 
cloud  coverage  to  the  extent  that  the  temperature  rises  very  little, 
but  clearly  this  is  a  definite  climate  change. 

The  weaknesses  of  the  models  is  most  clearly  demonstrated  by 
the  historical  observation  that,  since  the  original  Charney  report  of 
the  NRC  in  1978,  the  National  Academy  of  Sciences  report  of  1983, 
the  IPCC  report  of  1990  and  today,  the  spread  of  the  temperature 
rise  between  the  15  or  so  climate  models  worldwide  remains — it 
has  not  changed  at  all — between  1.5  to  4.5  degrees  centigrade.  It 
is  correct.  The  previous  speaker  has  knocked  a  half  a  degree  off 
both  limits — for  an  anticipated  doubling  of  the  atmospheric  C02. 

This  variation  between  the  models  is  also  reflected  in  lack  of 
agreement  in  many  of  the  predicted  regional  changes  which  are  so 
important. 

You  have  heard — and  I  am  repeating — that  the  primary  reason 
for  these  disagreements  is  the  poorly  represented  internal  radiation 
transfer  properties  and  the  overall  effect  of  water  in  clouds,  cloud 
formation,  and  water  vapor. 

This  is  in  recognition  that  water  in  the  form  of  clouds  and  vapor 
is  the  primary  greenhouse  gas.  C02  is  not.  Its  changes,  however, 
indirectly  affect  the  water  via  feedback  effects. 

This  has  been  recognized  for  years,  going  back  at  least  to  the 
1983  NAS  report,  but  it  is  only  recently  that  serious  field  programs 
have  been  undertaken  to  formulate  a  better  parameterization  of 
these  phenomena.  The  ARM  and  CHAMPP  programs  are  in  this 
category. 

The  other  element  of  time  that  is  crucial  and  has  been  mentioned 
several  times  is  the  lifetime  of  the  excess  anthropogenic  C02  in  the 
atmosphere.  This  is  a  most  important  number — it  is  the  most  im- 
portant number  for  policy  considerations. 

Here  the  advent  of  the  coupled  ocean-atmosphere  model  has 
made  definite  impact.  What  is  being  discussed  here  is  how  quickly 
would  the  atmosphere  relax  to  a  steady  state  or  even  its  original 
unimpacted  states  if  the  anthropological  impact  of  C02  was  se- 
verely reduced  or  even  curtailed. 

The  base  assumption  is  that,  one  way  or  another,  fossil  fuel  re- 
serves will  be  exhausted  in  several  hundred  years  leading  to  a  cut- 
off in  the  injection  of  C02  into  the  atmosphere. 
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At  the  time  of  the  1983  report,  the  then-current  calculation  in 
the  literature  proposed  a  behavior  based  on  a  1000-year  expo- 
nential lifetime  for  the  disappearance  of  the  excess  C02  in  the  at- 
mosphere. That  is,  that  that  concentration  would  be  reduced  by 
one-third  each  thousand  years  thereafter. 

This  meant  that,  even  if  the  flow  of  C02  were  cut  off,  the  climate 
effects,  for  better  or  worse,  would  persist  for  that  length  of  time. 

It  is  even  worse.  It  would  mean  that  modest  reductions  in  emis- 
sion rates  would  have  negligible  effects  on  the  peak  value  of  the 
perturbation — although  it  would  delay  its  onset. 

It  would  take  a  massive  change  in  emissions  to  have  an  appre- 
ciable effect.  This  creates  a  policy  situation  that  is  almost  a  crisis 
one  in  that  any  climate  change  must  be  treated  as  hostile  even  in 
the  absence  of  specific  knowledge  and  the  ability  to  make  accurate 
climate  predictions. 

The  coupled  ocean-atmosphere  model  has  given  us  better  insight 
into  the  mechanism  of  this  decay  and  has  greatly  reduced  its  value. 
For  today,  we  can  take  it  as  ranging  between  50  and  160  years. 

The  actual  choice  is  a  complicated  one.  It  is  an  approximation  to 
the  true  time  variation  depending  on  how  long  is  the  extent  and 
the  shape  of  the  emission  curve. 

At  any  rate,  it  is  a  big  change  from  the  prior  1000-year  value  and 
complete  alters  the  policy  picture. 

Mr.  ROHRABACHER.  Dr.  Nierenberg,  would  you  summarize? 

Mr.  Nierenberg.  Yes,  just  one  more  paragraph  just  to  make  this 
point.  Well,  this  is  my  main  point. 

It  is  to  be  interpreted  in  either  of  two  ways,  or  a  combination  of 
both. 

On  the  one  hand,  those  who  feel  that  corrective  measures  must 
be  taken  immediately  can  now  take  comfort  in  the  fact  that  any 
reasonably  applied  change  in  emissions  would  be  reflected  in  a  pro- 
portionate reduction  in  the  peak  C02  concentration. 

On  the  other,  those  who  take  the  more  conservative  view  may 
argue  that  one  can  now  safely  wait  until  the  climate  changes  be- 
come clearer  and  more  definitely  negative  before  taking  action 
since  the  effect  of  the  mitigating  action  would  show  up  in  reason- 
able time. 

Thank  you. 

[The  prepared  statement  and  attachments  of  Mr.  Nierenberg  fol- 
low:] 

Prepared  Statement  of  William  A.  Nierenberg,  Director  Emeritus,  Scripps 
Institution  of  Oceanography 

I  am  grateful  for  this  opportunity  to  place  my  views  on  climate  change  and  model- 
ling before  the  committee.  This  testimony  is  based  largely  on  two  documents — 
Progress  and  Problems:  A  Decade  of  Research  on  Global  Warming,  The  Bridge 
(NAE),  Vol.  25,  No.  2  Summer  1995,  pp4-9  and  Looking  Back  Ten  Years,  IIASA  Pro- 
ceedings, CP-94-9,  which  I  put  on  the  record. 

In  this  prepared  statement  I  summarize  what  I  have  written  but  I  do  include 
some  additional  results  that  have  become  available  since  their  publication. 

I  begin  by  repeating  what  I  often  feel  is  a  necessary  prelude  to  a  presentation  of 
the  issues.  There  is  no  question  in  my  mind  that  the  current  anthropological  growth 
of  C02  in  the  atmosphere  is  bound  to  influence  the  climate.  The  question  is  not 
whether  but  when,  how  much  and  the  nature  and  magnitude  of  the  effects. 

The  fixing  of  when  has  taken  an  interesting  turn.  Ten  years  ago  discussions  of 
effects  centered  around  the  middle  of  the  next  century,  often  the  year  2040.  Now, 
almost  universally,  climate  change  effects  are  normalized  at  the  year  2100,  105 
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years  away  from  the  present.  As  an  example,  average  sea  level  rise  is  projected  by 
current  models  to  be  about  30  centimeters,  or  one  foot,  at  that  time.  This  rate  also 
seems  to  be  consistent  with  the  early  results  from  the  TOPEX  satellite  observations. 
I  should  be  wanting  in  this  recital  if  I  did  not  direct  attention  to  the  large  difference 
between  this  result  and  earlier  predictions  of  order  of  magnitude  larger  changes. 

The  number  that  surfaces  most  often  in  the  discussion  of  climate  is  the  change 
in  the  average  global  surface  temperature  change.  The  data  for  the  past  one  hun- 
dred years  has  been  painfully  and  methodically  pieced  together  and  shows  rise  of 
about  0.6  degrees  Centigrade.  Unfortunately,  this  is  the  least  interesting  aspect  of 
climate  change.  What  is  crucial  is  knowledge  of  the  change  in  the  statistical  behav- 
ior of  regional  quantities  such  as  rainfall,  storm  frequency  and  intensity,  flooding, 
coastal  storm  surges  and  so  on.  By  contrast  we  can  visualizee  an  induced  change 
that  increases  cloud  coverage  to  the  extent  that  the  temperature  rises  very  little  but 
clearly  this  is  a  definite  climate  change. 

The  weaknesses  of  the  models  is  most  clearly  demonstrated  by  the  historical  ob- 
servation that,  since  the  original  Charney  report  of  the  NRC  in  1978,  the  NAS  re- 
Eort  of  1983,  the  IPCC  report  of  1990  and  today,  the  spread  of  the  temperature  rise 
etween  the  fifteen  or  so  climate  models  worldwide  remains  between  1.5  to  4.5  de- 
grees centigrade  for  an  anticipated  doubling  of  atmospheric  C02.  This  variation  be- 
tween the  models  is  also  reflected  in  lack  of  agreement  in  many  of  the  predicted 
regional  climate  changes  which  are  so  important. 

The  primary  reason  for  these  disagreements  is  the  poorly  represented  internal  at- 
mospheric radiation  transfer  properties  and  the  overall  effect  of  water,  in  clouds, 
cloud  formation  and  water  vapor.  This  is  in  recognition  that  water  in  the  form  of 
clouds  and  vapor  is  the  primary  greenhouse  gas.  Changes  in  C02  concentration  in- 
directly influence  climate  via  a  feedback  effect  of  the  water  content  of  the  atmos- 
phere. This  has  been  recognized  for  years,  going  back  at  least  to  the  1983  NAS  re- 
port but  it  is  only  recently  that  serious  field  programs  have  been  undertaken  to  at- 
tempt to  formulate  a  better  parametrization  of  these  phenomena.  The  ARM  and 
CHAMPP  programs  are  in  this  category. 

The  other  element  of  time  that  is  crucial  is  the  lifetime  of  the  excess  anthropo- 
genic C02  in  the  atmosphere.  This  is  a  most  important  number  for  policy  consider- 
ations. Here  the  advent  of  the  coupled  ocean-atmosphere  model  has  made  definite 
impact.  What  is  being  discussed  here  is  how  quickly  would  the  atmosphere  relax 
to  a  steady  state  or  even  its  original  unimpacted  state  if  the  anthropologicall  input 
of  C02  was  severely  reduced  or  even  curtailed. 

The  base  assumption  is  that,  one  way  or  another,  fossil  fuel  reserves  will  be  ex- 
hausted in  several  hundred  years  leading  to  a  cutoff  in  the  injection  of  C02  into 
the  atmosphere.  At  the  time  of  the  1983  report  the  then  current  calculation  in  the 
literature  proposed  a  behavior  based  on  a  1000  thousand  year  exponential  lifetime 
for  the  disappearance  of  the  excess  C02  in  the  atmosphere.  That  is,  that  concentra- 
tion would  be  reduced  by  one  third  each  thousand  years  thereafter.  This  was  seri- 
ous. This  meant  that,  even  if  the  flow  of  C02  were  cutoff,  the  climate  effects,  for 
better  or  worse,  would  persist  for  that  length  of  time.  It  is  even  worse.  It  would 
mean  that  modest  reductions  in  emission  rates  would  have  negligible  effects  on  the 
peak  value  of  the  perturbation  (although  it  would  delay  its  onset).  It  would  take  a 
massive  change  in  emissions  to  have  an  appreciable  effect.  This  creates  policy  situa- 
tion that  is  almost  a  crisis  one  in  that  any  climate  change  must  be  treated  as  hostile 
even  in  the  absence  of  specific  knowledge  and  the  ability  to  make  accurate  climate 
change  predictions. 

The  coupled  ocean-atmosphere  model  has  given  us  better  insight  into  the  mecha- 
nism of  this  decay  and  has  greatly  reduced  its  value.  For  today  we  can  take  it  as 
ranging  between  50  and  160  years.  The  actual  choice  is  a  complicated  one  and  is 
an  approximation  to  the  true  time  variation  depending  on  how  long  is  the  extent 
and  the  shape  of  the  emission  curve.  At  any  rate,  it  is  big  change  from  the  prior 
1000  year  value  and  completely  alters  the  policy  picture.  It  can  be  interpreted  in 
either  of  two  ways  or  combination  of  both. 

On  the  one  hand,  those  who  feel  that  corrective  measures  must  be  taken  imme- 
diately can  now  take  comfort  in  the  fact  that  any  reasonably  applied  change  in 
emissions  would  be  reflected  in  a  proportionate  reduction  in  the  peak  C02  con- 
centration. On  the  other,  those  who  take  a  more  conservative  view  may  argue  that 
one  can  now  safely  wait  until  the  climate  changes  become  clearer  and  more  defi- 
nitely negative  before  taking  action  since  the  effect  of  the  mitigating  actions  would 
show  up  in  reasonable  time. 

Taking  into  account  this  argument  and  the  currently  accepted  gestation  time  of 
one  century,  I  incline  to  the  latter  view.  That  inclination  is  strengthened  by  lack 
of  certainty  in  the  inevitability  of  all  climate  changes  being  harmful.  One  highly 
speculative  example  is  based  on  the  recently  noted  fact  that  the  one  degree  Fahr- 
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enheit  increase  in  temperature  is  primarily  in  the  night  time  temperature  variation. 
The  daytime  temperature  is  essentially  flat.  (The  models,  so  far,  do  not  exhibit  this 
behavior.)  Some  argue  that  this  phenomenon,  if  continued,  would  imply  better  agri- 
culture. I  repeat  that  this  is  highly  speculative  but  does  make  the  point  that  all 
change  is  not  necessarily  bad. 

The  other  concern  is  related  to  the  frequency  and  severity  of  storms.  There  has 
been  considerable  arm-waving  on  this  subject  with  differing  conclusions.  We  now  do 
have  a  sensitive  model  calculation  (Report  No.  139  from  the  Max-Planck-Institut- 
fur  Meteorologie).  The  authors  conclude  that,  while  the  intensity  of  storms  will  re- 
main the  same,  their  number  will  decrease.  This  is  still  another  indication  that  we 
have  much  to  learn  respecting  the  effects  of  anthropologically  induced  climate 
change. 

There  are  other  important  factors  that  need  more  field  research  effort.  One  is  on 
the  nature,  distribution  and  lifetimes  of  aerosols  in  the  atmosphere.  I  am  assuming 
that  other  speakers  will  discuss  this  subject. 

The  other  and  very  difficult  area  is  biota.  There  is  a  marked  budgetary  imbalance 
in  the  circulation  of  carbon  between  the  atmosphere,  land  and  the  ocean.  It  is  sus- 
pected, with  some  evidence,  that  it  is  caused  by  the  growth  of  forests,  a  conclusion 
opposite  to  the  generally  held  intuitive  one.  Until  this  is  numerically  fixed  a  certain 
degree  of  uncertainty  will  remain  in  model  results,  particularly  in  estimating  resi- 
dence times. 
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One  nft/vfmipmes  ofVhe  Bridge  is  to  bring  a  rlnvntly  of 
vinis  to  llie  atlmtimi  ofArmtemy  meinbm  and  iJie pitliSr.  This 
imif  of  the  magnnne  prrserits  srueml  pafiers  thai  aetdrvss  differ- 
nU  atpnts  ofcHinate  inarming. 

WWiam  Ninmherg  argiies  ihtU  bttle  srientific  fjwgness  has 
Ixm  made  in  tmdirrslanding  and  ptvditting  dhnnte  wanning 
cniued  by  gwenJuyits&gas  emissions.  He  ronertly  points  out 
that  nirrrrU  estimnles  of fulitre  xvarming  are  no  moie  firedse 
than  those  of  a  decade  ago.  Still,  notes  Eric  Bantm,  nseonii 
oiier  tlie  last  10  years  lias  suhstanluilly  tTnfnwed  our  nbdity  to 
arwnnlfar  rm/>artani  atrnns/>herir,  ocean,  and  smfare  effects 
on  climate.  Vint  Ow  nsiittiiig  Himale  inodek  seem  unnble  In 
belter  estimate  gMjnl  wanning  reflects  the  cmnplexities  intro- 
duced by  more  .vyphuticated  modeling,  not  a  failure  of  the 
undtriying science,  hebetienes. 

Neither  point  of  view  may  have  rmuh  rrlevrmce  to  ptibhc 
fiemptirms  ofglobrd  uanrmig,  howevet  Thmugli  various  types 
of  (fuestiannahes,  Gmngrr  Morgan  and  his  colleagues  liave 
revealed  a  public  woefully  uninfomied  about  even  the  rrwst 
basic  dements  nfihe  gMxd  wemrting  debate  Marry  nonaperts, 
it  appears,  have  trouble  differentiating  bctiueen  llie  speafc  ccnis- 
KS  ofcbmate  change  and  more-general  envirrmmenial polhition. 
A  subslemtial  piofxrrtion,  in  one  survey,  indicated  they  thouglu 


that  the  space  program  and  nudear  power  an  in  part  to  blame 
for  global  wanning.  Tlie  impliattions  of  these  flatued  mental 
models — -for  personcd,  business,  and  political  decision  mak- 
ing— cannot  be  ignored 

These  papers  are  timely  given  the  apeded  puiBcation  this 
summer  of  a  new  report  by  the  Intergmfmmental  Panel  on  Qi- 
mate  Change  (IPCQ.  This  mterrujtional  gnntp  of  scientists, 
which  operates  under  the  aegis  of  tlie  World  Meteorological 
Organizatian  and  the  Uniied  Nations  Envinmment  Program, 
periadiaiU^maJas  systematic  appraisals  of  dimate  change.  The 
IPCC  is  reganled  by  many  international  organizations,  indud- 
ing  the  Confererue  of  Parties  on  the  Climate  WzrmingTrBJty,  to 
be  the  cntthonty  on  ^obal  wanning  assessment 

While  it  is  not  possible  to  predid  at  this  time  exadfy  what  the 
IPCC  will  conclude,  many  exped  the  group  to  substantially  reit- 
erate past  findings  that  the  average  global  surface  temperature 
will  rise  2°C  to  4°C  by  tlie  middle  of  the  next  century,  when  the 
greenhimsegas  content  of  tlie  atmosphere  readies  double  its  cur- 
rent ammtnl  It  is  cdso  cmtidfxited  that  the  IPCC  wiU  present 
for  the  first  time  modified  estimates  of  greenhousegas  warming 
tliat  take  into  account  the  cooHngeffixts  of  aerosols.  The  extent 
of  mid-century  warming  under  this  scenario  is  HMy  to  be  las 
than  tliatpredided  by  the  standard  modeL 


Uilli.un  A   NirinilMiK  l< 
iliiiilc.r(iiuii»«i.fclH-.Vn|.|is 
lii-itihilif  III  ftrOtr-.iiHi^dphy  ill 
Nl|»ll.i.(;ili(oiiiu. 
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Recent  data  on  the  longevity 
of  excess  human-generated 
CO2  in  the  atmosphere  argue 
for  only  modest  reductions  in 
gi  ccnhouse-gas  emissions 


N 


i:\tW  7  yc;M^  ii^n  in  llica-  s;iinc  piigcs.  1  R-.ivc  my 
\ifws  on  llic  sCHc  (if  icitMrch  on  global  w.irtning 
(Niercnbeii;.  I<)8.S).  The  pmixjsc  of  diis  article  is 
10  up<liUe  that  earlier  assewnieiu.  In  ihe  time  since  my 
1988  article  ivas  published  in  'I'lif  Hniigr.  the  United 
Slates  has  spent  some  $6  billion  on  reseaich  related  to 
climate  change  and  global  warming.  The  nation  cur- 
rently invests  alxjut  $1.6  billion  annually  on  such  studies, 
(liven  this  level  orsiip|»il.  what  have  lx;en  the  results? 
VVIiat  is  known  now  that  was  not  known  in  the  mid- 
IWOs?  Acceptiitg  that  increasing  CO2  concentrations 
will  induce  climate  changes,  when  and  where  \vill  these 
changes  occur,  and  what  will  be  their  extent?  Most 
important,  what  are  the  implications  of  the  data  that 
have  Ijeen  gatliered,  tx)tli  for  science  and  public  policy? 

Atmospheric  COj 

riic  (PMC  dear  |)iccc  of  infomialioii  to  emerge  over 
llic  I.isi  decide  is  thai  CO,,  ((incenli-ations  in  the  alm(v 
spheic  are  increasing  steadily.  This  .supports  the  (ind- 
ings  of  CD.  Keeling  and  his  colleagues  (Keeling  and 
Uacastow,  1977),  who  studied  the  impact  of  industrial 
gases  on  climate  nearly  20  years  ago.  The  rate  of 
increase  slowed  iKlween  1980  and  1990.  but  tliis  soi  t  of 
fluctuation  is  not  tinitsual.  Most  believe  the  upward 
trend  will  continue  to  parallel  global  population 
growth.  Reductions  in  COj  output  by  industrial 
nations  ihmugh  Iheii  use  of  encigy  eflicient  technolo- 
gies will  pmbably  l>e  olfset  by  increases  in  greetiluju.se- 
gas  production  by  transitional  and  developing  coun- 
tries as  iheii  .standards  of  living  improve. 

Scientists  understand  much  less  about  the  lime 
de|)endence  of  the  anthropogenic  excess  of  COj  in  the 
alinosphcic.  Most  observers  agree  that  tlie  pattern  of 
rising  global  average  surface  teinperaturcs  over  the  last 
100  vears  floes  not  conclusively  point  to  (^O.^  as  the  cul- 
prit: "1101  inal"  climate  llucluation  may  be  to  blame. 
.Still,  (he  near  irreversibilily  of  the  predicted  phe- 
nomenon is  a  .source  of  seiiotis  concern.  Indeed,  some 


early  efforts  to  calculate  the  longevity  of  excess  atmo- 
splieiic  CO,,  came  up  with  e.stintatcs  as  high  as  1,000 
yeai^  (Keeling  and  Bacastow,  1977).  That  is,  it  would 
take  a  millennium  for  the  COj  to  be  absorbed  into  the 
total  global  system — essentially,  tlie  world's  oceans. 

The  implications  of  this  estimate  are  important  If 
true,  there  would  be  no  clear  path  to  take  to  reverse 
C02-induced  climatic  changes.  Aiid  since  it  will  take 
200  to  300  years  to  exhaust  tlie  world's  supply  of  fossil 
carbon  fuels,  modest  reductions  (on  the  order  of  20 
percent)  iei  CO.^  emi-ssions  would  probably  have  little 
ellecl  on  climate.  Reductions  on  the  order  of  80  per- 
cent wotild  be  necessary.  That  would  be  a  daunting 
challenge. 

More  recently,  widi  the  development  of  reasonable 
ocean  models  coupled  to  aunospheric  climate  models, 
researchers  have  arrived  at  greatly  reduced  estimates  of 
the  decay  time  of  atmospheric  COj.  Research  now  sug- 
gests that  the  decay  curve  is  really  a  sum  of  exponentials. 
Current  estimates  indicate  lliat  it  takes  between  50  and 
150  years  for  anthropogenic  COj  to  be  absorbed  into 
the  oceans  (O'Neill  et  al.,  1994) . ' 


The  amount  of  CO2  in  the 
atmosphere  may  be  able  to 
be  "tailored"  in  some 
optimum  fashion. 


From  a  policy  standpoint,  these  findings  raise  two 
important  issues.  First,  given  these  decay  times,  there 
may  be  no  urgent  need  to  lake  action  to  reduce  emis- 
sions until  the  severity  of  die  climate  effects  are  either 
firmly  predicted  or  clearly  evident.  If  the  climate- 
change  "signal"  docs  emerge  from  the  natural  back- 
ground fluctuations  and  is  unfavorable,  there  is  ample 
time  at  that  point  to  take  whatever  remedial  action, 
including  emissions  controls,  may  be  needed.  Second, 
in  contrast  to  the  case  if  COj  were  expected  to  stay  in 
the  atmosphere  for  1 ,000  years,  the  new  estimates 
mean  that  reducing  cmis.sions  will  result  in  a  corre- 
sponding reduction  of  the  peak  CO2  extess.  There- 
fore, not  only  is  there  considerable  elasticity  in  atmo- 
spheric res|v>nse  to  ('O,,,  hut  die  amount  of  CO.j  in  the 
alinosphcic  may  be  able  to  be  "liiilored"  in  some  opti- 
mum fashion. 
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Modeling  Ctimate  Change 

One  aspect  of  tlie  climate  warming  issue  tliat  has  not 
changed  is  the  uncertainty  surrounding  how  much  the 
global  average  surface  temperature  will  rise  in  response 
to  a  doubling  of  the  concentration  of  greenhouse 
gases.^  There  are  approximately  15  computer  facilities 
around  the  world  devoted  to  modeling  the  hydrody- 
namics and  thermodynamics  of  the  atmosphere  and 
oceans.  In  1983,  a  coiiiinitlcc  assembled  by  tlie  Nation- 
al Academy  of  Sciences  (NAS)  predicted  diat  a  twofold 
jump  in  greenhouse  gas  amounts  would  boost  die  glob- 
al average  surface  temperature  by  between  1.5  and  4.5 
degrees  Celsius  (Carlxin  Dioxide  A.ssessment  Commit- 
tee, 1983).  This  temperature  range  was  similar  to  \«»l- 
ucs  reported  in  an  earlier  NAS  report  (Assembly  of 
Mathematical  and  Physical  Sciences,  1979). 


Estimates  of  how  much  the 
seas  will  rise  due  to    ; 
increasing  concentrations  of 
CO2  in  the  atmosphere  have 
improved  considerably. 


Today,  despite  continuing  efforts  to  refine  these 
models,  the  imprecision  in  the  temperaturc<hange 
predictions  remains.  This  poses  a  dilemma,  since  the 
observed  temperature  rise  in  the  last  100  years,  if 
attributable  to  increased  CO2  concentrations,  lies  just 
at  the  bottom  limit  of  the  range  proposed  by  the  1983 
NAS  panel.  Furthermore,  the  shape  of  the  airve  is  not 
consonant  wiili  the  predicted  model  behavior. 

It  is  unlikely  that  researchers  will  be  able  to  better 
pin  dowii  COj-associated  temperature  fluctuations  in 
the  foreseeable  future.  TTic  models  they  use  are  math- 
ematically cotnplex,  often  embodying  a  large  numl>er 
of  empirically  determined  physical  and  biological  phe- 
nomena (such  as  the  effect  of  soil  moisture,  the  water 
retention  of  soils,  ice  formation  and  breakup,  cloud 
formation  in  height,  lhicknes.s,  and  density,  as  well  the 
disiribution  of  walcr  droplets  and  aerosols).  Some 
miKlcls  also  try  to  account  for  feedback  phenomena, 
such  as  increased  photos>Tilhetic  acti%ity  and  oxidation 
of  clathrales,  while  others  attempt  to  incorporate 
changes  in  the  rate  of  growth  of  other  atmospheric 


greenhouse  gases  like  methane,  whose  sources  are 
poorly  understood.  Differences  in  t)ie  computers,  soft- 
»vare,  numerical  analyses,  and  phenomenologies  used 
by  the  various  research  groups  add  to  the  problem. 

Another  key  weakness  of  the  models,  app>arent  even 
a  decade  ago,  is  their  inability  to  capture  adequately 
the  interactions  between  water  and  solar  radiation. 
Water  vapor  is  the  principal  greenhouse  gas,  and  its 
effects  far  exceed  tliose  of  COj.  Increasing  COj  con- 
centrations actually  enhance  the  thermodynamic 
behavior  of  atmospheric  water.  Although  our  under- 
standing of  these  interactions  has  improved,  we  are  still 
far  from  resolving  their  complexities.  Thus,  even  as  the 
individual  elements  of  the  models  are  better  under- 
stcx)d,  the  necessary  introduction  of  new  real-world  cli- 
mate variables  will  continue  to  hinder  precise  predic- 
tions of  temperature  change. 

Efforts  to  study  climate  have  placed  great  emphasis 
on  global  average  surface  temperature.  In  the  1988 
Bridge  article,  I  f>ointed  out  that  this  number  is  a  surro- 
gate measure  of  regional  climate  changes  that  can  be 
of  serious  consequence,  such  as  droughts,  floods,  and 
storms,  as  well  as  of  long-term  ecological  changes. 
While  the  average  global  temperature  may  vary  by  only 
a  small  amoimt,  alterations  in  certain  aspects  of  region- 
al climates  may  be  appreciable.  Unfortunately,  current 
modeb  of  climate  change  rarely  yield  consistent  results 
in  diis  area.^  Over  tlie  past  10  years,  researchers  have 
also  learned  tliat  the  global  increase  of  0.6  degree  Cel- 
sius recorded  during  llie  past  100  years  is  attributable 
largely  to  a  shift  in  nighttime  temperatures.  The  fluctu- 
ation of  da)time  temperatures  has  been  minimal. 

Estimates  of  how  much  the  seas  will  rise  due  to 
increasing  concentrations  of  CO2  in  the  atmosphere 
have  improved  considerably.  The  1983  NAS  report 
predicted  that  a  doubling  of  CO2  would  raise  ocean 
heights  about  2  feet.  Now,  however,  scientists  believe 
the  correct  amount  is  closer  to  1  foot,  a  figure  that 
agrees  with  satellite  measurements  of  the'  current  rate 
of  change  in  sea  level.  This  is  supported  by  the  very 
small  change  in  the  thickness  of  the  principal  ice  caps. 

Research  on  ClinHte,  Temperature,  and  COj 

During  the  last  10  years,  long-awaited  data  from  sev- 
eral research  projects  have  shed  light  on  some  impor- 
tant climate  questions.  Ice  cores  drilled  in  the  Antarc- 
tic and  Greenland  ice  caps,  for  example,  provided  a 
historical  picture  of  the  Earth's  "climate  going  back 
100,000  years.  One  of  tlie  first  bits  of  information  to  be 
extracted  from  trapped  gases  inside  the  cores  was  the 
atmospheric  CO2  concentration  in  the  period  immedi- 
ately preceding  the  Industrial  Revolution.    Despite 
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some  disagreement  among  researchers  about  the  pre- 
cise amount  of  CO2  during  this  period,  the  ice<ore 
data  are  useful  benchmarks  against  which  the  Keeling 
flndings  011  CO2  (Bamola  et  al.,  1979;  Jouzel  et  al., 
1987)  can  be  compared.  By  calculating  the  ratio  of 
(ixygcn  isotopes  to  CO2  in  the  ice,  scientists  have 
g-.iJMcd  insights  into  whether  changes  in  CO2  concen- 
iniiidtis  lofl  or  followed  alterations  in  surface  tempera- 
luiT\  lligh-ic«ilulion  anah'scs  suggested  that  the  tem- 
|)cralurc  changes  may  have  actually  preceded  changes 
in  aimosplirnc  (X)2  (Harnola  et  al.,  1991).  The  full  sig- 
nificance of  lliis  is  not  completely  clear.  Howc\er,  it  is 
possible  that  a  global  climate  shift  led  to  a  general 
warming  of  tlte  oceans,  which  expelled  CO2  into  the 
aunosphere.  Tlie  ice<ore  results  also  indicate  tliat  the 
last  10,000  years  have  been  exceptionally  stable  in 
tenns  of  climate. 

Climatologists  have  been  able  to  glean  important 
information  about  global  surface  temperatures  from 
the  microwave  emissions  of  atmospheric  oxygen 
(Christy  and  Spencer.  1993;  Spencer  and  Christy,  1990; 
Spencer  and  Christy,  1992a;  Spencer  and  Christy, 
1992b).  Satellite  observations  of  the  intensities  of  the 
microwave  spectra  have  provided  good  temperature 
estimates  over  tlie  last  15  years.  The  strength  of  tlie 
method  is  that  it  allows  almost  total  coverage  of  the 
planet,  including  tlie  oceans,  without  the  need  for  spe- 
cial corrections,  such  as  for  the  effects  of  urbanization. 
Although  meteorological  records  show  a  sharp  rise  in 
surface  temperature  during  this  period,  the  satellite 
measurements  show  essentially  no  temperature  fluctua- 
tion, and  tliey  do  not  reveal  the  differences  between 
daytime  and  nighttime  temperatures  reported  by  odi- 
crs.  While  a  IS^ear  temperature  record  is  too  short  to 
draw  conclusions  about  Itmg-term  trends,  die  satellite 
measurements  have  raised  questions  about  tlie  repre- 
sentativeness of  the  surface  observadons. 

Researchers  have  also  taken  advantage  of  test  oil  bor- 
ings— holes  drilled  and  tlien  abandoned  in  prospecting 
for  petroleum — on  the  Canadian  shield  to  gather  infor- 
mation about  temperature  (Lachenbnich  and  Marshall, 
1986;  Lewis,  1992).  Because  these  holes  were  drilled 
many  years  ago,  they  are  geologically  stable  and  there- 
fore useful  for  temperature  studies.  Temperature  log- 
ging" of  lx)re  holes  is  routine  in  the  oil  exploration 
industry  By  inverting  tlie  diermal  diffusion  equations 
using  temperanire  Versus  depdi  data,  inviestigators  deter- 
mined l<Kal  surface  temperatures  going  back  several 
dioiLsand  years.  The  bore-hole  measurements  show  a 
larger  increase  in  the  global  average  temperature,  a  find- 
ing tliat  agrees  widi  most  model  predictions  but  is  incon- 
sistent widi  sur&ce  meteorological  measurements. 


During  the  past  decade,  what  we  have  learned  about 
die  balance  between  the  sources  and  sinks  of  COj  has 
led  to  considerable  confusion.  According  Keeling,  each 
year  die  amount  of  carbon  in  the  atmosphere  increases 
by  3  gigatons  (3xl0'^  gm).  Human  activity  vents  close 
to  twice  this  amount  into  the  atmosphere,  and  as 
recendy  as  10  years  ago  researchers  believed  that  the 
oceans  absorbed  the  difference.  Our  ability  to  measure 
the  direct  flux  of  COj  into  the  oceans  has  since 
improved,  and  it  now  appears  that  these  bodies  of  water 
take  up  much  less  of  die  gas  dian  first  thought  (Tans  et 
al.,  1990).  While  the  ocean  measurements  do  not  cover 
Ejirth  as  imiformly  as  might  be  wished,  the  results  are 
enlightening.  What  accounts  for  this  discrepancy?  One 
answer  is  diat  die  excess  CO2  is  being  incorporated  into 
forests  and  oUicr  biomass  in  die  northern  hemisphere. 
This  view  does  not  conform  to  generally  accepted 
notions  about  deforestation,  however. 


It  now  appears  that  the 
oceans  take  up  much 
CO2  than  first  thought. 


Coiicenis  about  global  warming  have  been  based  on 
predicuons  that  the  growdi  in  CO2  emissions  during 
this  century  would  exceed  that  of  the  last  Economists 
now  see  a  generally  more  complex  picture  (Nordhaus, 
1994).  During  the  last  10  years,  worldwide  CO2  emis- 
sions have  departed  markedly  from  the  average  growth 
of  the  preceding  100  years,  remaining  reasonably  flaL 
Emissions  can  be  expected  to  rise  again,  but  the  most 
likely  result  is  that  the  rate  of  their  increase  will,  on  the  ■ 
average,  conunue  as  it  has  during  the  past  100  years. 

One  of  the  most  important  contributors  to  the 
greenhouse  effect  besides  CO2  is  methane.  Up  unul 
about  10  years  ago,  methane  amounts  in  the  atmo- 
sphere were  increasing  exponendally.  Many  thought 
this  trend  would  continue,  but  recent  measurements 
suggest  this  growth  has  largely  subsided.  The  same 
may  be  true  for  the  chlorofluorocarbons  (CFCs). 
Although  a  significant  element  of  the  greenhouse 
warming  effect  a  decade  ago,  CFC  concetitraUons  in 
the  atmosphere  are  expected  to  decline  because  of 
provisions  in  the  Montreal  Convention  intended  to 
piotcct  stratospheric  ozone. 

During  die  past  10  years,  we  have  begun  to  under- 
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stand  that  variations  in  global  temperatures  corresf>oiid 
in  a  logarithmic  rather  than  linear  fashion  to  atmo- 
spheric CO2  amounts.  (This  is  because  normal  con- 
cenu-ations  of  COj  are  quite  liigh,  approaching  s;Uura- 
tion.)  Since  atmospheric  COj  concentrations  are 
expected  to  continue  to  grow  exponentially,  the  tem- 
pcrauire  increase  should  be  linear.  If  this  is  true,  then 
the  observed  temperature  rise  due  to  CO2  increases 
will  be  the  same  (about  0.5  degree  Celsius)  over  the 
next  100  years  as  it  has  been  during  die  last  century. 
This  half-degree  rise  falls  below  the  range  currently 
projected,  which  was  calculated  as.suming  higher  green- 
hou.sc-gas  emissions  and  which  takes  into  account  tlie 
efl'ects  on  temperature  of  water  in  the  atmosphere. 


The  overall  effect  of  carbon 
taxes  or  other  methods  of 
constraining  CO2  emissions 
is  not  at  all  clear. 


Mttigation:  Prospects  and  Probians 

Researchers  have  learned  a  good  deal  about  mitigat- 
ing tlie  effects  of  global  warming.  Most  attention  has 
focused  on  two  approaches,  one  technical  and  the 
other  socioeconomic.  Mathematically,  the  two 
approaches  are  similar.  Indeed,  tlie  climate  and  socioe- 
conomic models  both  are  based  on  highly  nonlinear 
coupled  equations  containing  many  dependent  vari- 
ables. 

Technical  strategies  are  tliose  that  would  use  some 
physical  or  biological  method  to  eidicr  absorb  excess 
COj  or  alter  the  natural  environment  in  order  to 
reduce  .solar  insulation,  thus  compensating  for  the 
effects  of  increased  COj  concentrations.  An  example 
of  the  latter  approach  would  be  to  enhance  artificially 
tlie  amount  of  aerosols  in  the  atmosphere.  A  socioeco- 
nomic strategy  would  be  to  lower  COj  emissions  by 
reducing  energy  usage. 

It  is  not  my  purpose  here  to  present  a  complete 
reiiew  of  the  many  climate<hange  mitigation  propo.s- 
als  that  have  been  outlined  in  the  past.  Asses.sing  their 
\-iability  would  require  estimates  of  regional  climate 
change.  Because  ctirrent  climate  models  are  not  capa- 


ble of  accurately  predicting  regional  perturbations 
caused  by  COj  increases,  we  are  not  now  in  a  position 
to  gauge  the  effects  of  deliberately  altering  the  climate. 
Take  the  case  of  adding  artificial  aerosols  to  tlie  atmo- 
sphere. However  introduced,  we  cannot  project  their 
distribution  by  latitude,  longitude,  or  height  Without 
this  information,  it  is  impossible  to  assess  how  this 
approach  might  offset  the  many  regional  climate 
effects  caused  by  increased  CO2  concentrations. 

Otlier  prof)osed  mitigation  plans  also  have  weakness- 
es. One  popular  plan  suggests  the  planting  of  vast 
expanses  of  forests  that  would  absorb  CO2  and  be  recy- 
cled for  fuel,  tlius  helping  to  maintain  an  equilibrium 
concentration  of  the  gas.  However,  estimates  indicate 
that  warming  caused  by  the  reflectivity  of  the  increased 
forest  acreage  would  nearly  cancel  out  the  cooling 
effect  of  enhanced  CO2  absorption.  In  addition,  the 
geographical  differences  in  surface  reflectivity  probably 
would  not  match  the  regional  effects  of  CO2.  leading  to 
variable  and  highly  unpredictable  regional  climate 
changes. 

With  less  clear  examples,  the  same  can  be  said  of  the 
socioeconomic  models.  There  arc  strong  links  and 
considerable  feedback  between  the  climate  and  eco- 
nomic models.  Therefore,  it  is  not  at  all  clear  what  the 
overall  effect  would  be  of  carbon  taxes  or  other  meth- 
ods of  constraining  CO2  emissions. 

Conclusion 

This  article  raises  questions  that  need  to  be 
addressed  as  scientists  and  policymakers  consider  the 
future  course  of  climate  warming.  How  can  we  better 
separate  the  greenhouse  "signal"  from  the  variety  of 
background  fluctuations  in  the  global  climate  system? 
If  science  cannot  sharpen  its  predictions  in  this  area, 
then  how  much  are  we  willing  to  spend  on  mitigation 
efforts,  such  as  reducing  the  use  of  carbon  fuels,  invest- 
ing in  "acceptable"  nuclear  sources  of.cnef'gy,  or 
exploiting  breakthroughs  in  solar  and  other  nonfossil 
sources  of  energy? 

This  review  began  by  noting  the  dramatic  reduc- 
tions in  the  longevity  estimates  for  excess  atmospheric 
CO2.  I  believe  that  this  new  understanding  of  the 
CO2  lifecycle  argues  for  relatively  modest  reductions 
in  greenhouse-gas  emissions.  It  also  makes  plausible  a 
strategy  of  waiting  for  the  "signal"  to  emerge  from  the 
climate  "noise"  before  taking  serious  remedial  action. 
Finally,  it  also  suggests  future  directions  for  climate 
research,  which  might  illuminate  many  of  the  ques- 
tions raised  here. 
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Notes 

1.  The  150-year  figure  comes  from  as-yet-impub- 
lished  work  of  Klaus  Hasselman  and  his  colleagues  at 
the  Max-Planck  Institute  for  Meteorology  in  Hamburg, 
Germany.  Information  conveyed  in  a  1  June  1995  let- 
ter from  Dr  Hasselman  to  former  NAE  President 
Robert  White. 

2.  Or,  more  accurately,  the  calculated  temperature 
change  for  an  increase  in  tlie  ensemble  of  greenhouse 
ga.ses  therinod)7iamically  equivalent  to  a  doubling  of 
llic  pcrccntxigc  of  CO2  in  ilic  alnios|)here. 

3.  See,  for  example,  Raval  and  Ramanathan  (1989). 
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ABSTRACT  —  This  paper  is  (phrase  deleted^an  update  of  the  science  of  global  warming.  The  point  of 
departure  is  1983  with  the  publication  of  the  National  Research  Council/National  Academy  of  Sciences 
report  Changing  Climate  .  The  present  author  was  chairman  of  the  report  committee  and  considers 
this  an  appropriate  time  for  an  update.  The  advances  (or  retreats)  in  the  overall  science  arc  reviewed 
with  special  emphasis  on  those  that  have  critical  policy  implications. 


It  was  accepted  in  1983  and  is  accepted  today  without  question  that  atmospheric  CO2  is  rising  steadily 
and  exponentially  since  the  beginning  of  the  modern  industrial  era.  However,  the  direct  measurement 
of  the  rise  has  only  been  made  with  any  precision  for  about  forty  years.  As  of  ten  years  ago,  the 
guesses  for  the  value  of  the  concentration  about  the  year  1890  ranged  between  260  and  290  parts  per 
million  of  CO2  in  the  atmosphere.  From  a  policy  viewpoint  this  variation  left  much  to  be  desired.  The 
lower  value  implied,  at  the  time,  that  the  global  warming  should  have  been  observed,  the  upper  value 
implied  that  the  rate  of  growth  was  too  slow  for  any  effects  to  be  seen  above  the  noise.  Since  that  time, 
and  as  predicted,  the  analysis  of  gas  bubbles  in  the  ice  cores  of  the  Antarctic  have  fixed  this  1890  value 
with  greater  precision  but  we  are  still  left  uncertain  as  to  when  there  will  be  a  consensus  that  global 
warming  effects  have  emerged  from  the  general  climate  noise. 

Another  question  related  to  this  growth  of  CO2  in  the  atmosphere  is  how  long  docs  the  increase, 
which  is  presumed  to  be  of  anthropogenic  origin,  persist?  As  of  1983,  the  literature  (not  the  NAS 
report)  cited  long  lifetimes  of  the  order  of  one  thousand  years,  derived  from  various  lines  of  reasoning, 
among  them  being  tritium  isotope  variation  wth  depth  but  undoubtedly  influenced  by  the  measured  "C 
ages  of  the  very  bottom  ocean  waters.  Since  then,  with  the  advent  of  coupled  atmosphere-ocean 
climate  models,  the  duration  has  dropped  to  between  fifty  and  two  hundred  years  although  that 
statement  is  an  oversimplification.  (The  present  picture  is  that  of  a  sum  of  exponential  decays  with  the 
fastest  being  of  the  order  of  fifty  years.) 

The  originally  slated  long  lifetime  meant  that,  if  the  effects  of  an  increase  in  CO2  were  serious,  ihey 
would  be  remain  for  a  long  time.  They  would  be  permanent  for  all  practical  considerations.  If  it  is 
assumed  that  the  available  fossil  carbon  fuel  would  be  consumed  in  a  period  short  compared  to  this 
lifetime  —  say  two  or  three  hundred  years  --  a  small  reduction  in  anthropogenic  output,  say  twenty  per 
cent,  for  example,  would  have  a  negligible  effect  on  the  peak  effects.  With  the  short  lifetime,  however, 
short  compared  to  this  period  of  total  consumption  of  fossil  fuel,  the  picture  changes  drastically.  On 
one  hand,  any  reasonable  cutback  in  cmis.sions  would  show  correspondingly  reasonable  beneficial 
effects.  On  the  other,  there  is  reduced  urgency  for  drastic  action  for  if,  in  fact,  adverse  climate  changes 
appear,  action  could  be  taken  in  the  full  expectation  that  the  correction  would  also  appear  in 
reasonable  time. 

Another  serious  question  whose  implications  were  widely  discussed  and  analyzed  ten  years  ago  was 
that  of  sea  level  rise.  Putting  aside  some  grossly  exaggerated  predicted  changes  that  were  as  high  as 
twenty-five  feet,  the  Academy  report  settled  on  a  rise  of  two  feet,  that  is  60  centimeters,  as  a  result  of 
an  equivalent  doubling  of  CO2  concentration  of  greenhouse  gases.  The  I  FCC  report  used  this 
Academy  number.  This  calculated  rise  was  composed  of  two  approximately  equal  parts.  That  due  to 
the  estimated  dcglaciation  and  that  due  to  the  thermal  expansion  of  the  upper  ocean. 


1  Changing  Climate.  US  National  Academy  of  Sciences,  1983 
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However,  il  nppcarcil  ihal  (he  llicrmal  expansion  had  not  been  corrcclly  calciilalcd  in  the  Academy 
report.  The  Hamburg  atmosphere-ocean  coupled  model  first  showed  that  the  properly  calculated 
thermal  expansion  was  much  less.  In  their  model  this  was  largely  due  to  the  fact  that,  since  the  thermal 
coefficient  of  expansion  of  sea  water  nearly  vanishes  at  0°  Celsius,  this  near  zero  number  is  the  correct 
one  to  use  rather  than  the  average  ocean  temperature  because  the  polar  waters  arc  the  primary  sinks 
for  the  excess  heat.  The  dcglacialion  effect  had  been  empirically  estimated  but  the  improving  models 
all  seem  to  yield  increasing  precipitation  in  the  Antarctic  and  that  implies  increasing,  rather  than 
decreasing,  ice  cap  depth  which,  in  turn  of  course,  implies  a  decrea.se  in  ocean  height,  (sentence 
deleted) 

The  early  concern  expressed  by  geologists  and  oceanographers  related  more  to  the  possible  melting 
and  disappearance  of  the  Western  Antarctic  Ice  Sheet  (WAIS).  This  would  result  in  an  increase  in  sea 
level  of  the  order  of  twenty  feet  which  would  severely  impact  highly  developed  coastal  areas.  The 
principal  concern  was  derived  not  just  from  geological  deductions  that  the  sheet  had  disappeared  in 
relatively  recent  geological  times  but  more  that  these  disappearances  may  have  taken  place  during  a 
relatively  short  period  of  a  few  hundred  years  or  even  less.  This  possibility  was  carefully  examined  in 
the  Academy  report  with  the  conclusion  that  it  was  unlikely  to  happen  in  the  next  hundred  years  but  it 
has  not  been  ruled  out  as  a  possibility  in  the  longer  term. 

In  the  early  analyses,  like  the  Academy's,  one  accepted  the  expressed  view  of  the  geochemists  that  the 
disposition  of  the  man  made  CO2  was  well  understood,  namely  that  there  was  a  complete  balance 
between  the  amount  of  carbon  emitted  by  power  plants  and  other  human  sources,  the  fraction  that 
remained  in  the  atmosphere  and  the  amount  that  went  into  the  oceans.  The  geochemists  believed  that 
the  carbon  reservoirs  represented  by  the  forests,  the  humus  and  the  inorganic  carbon  in  the  oceans 
changed  very  slowly  compared  to  the  flux  generated  by  man  despite  the  fact  that  the  rate  of  exchange 
between  the  oceans  and  the  atmosphere  as  well  as  the  exchanges  between  the  forests  and  the 
atmosphere  were  about  fifteen  times  the  man  made  emissions.  They  were  literally  dealing  with  small 
differences  between  large  numbers. 

To  complicate  matters,  from  the  very  beginning  many  sylvanologists  believed  that  the  forests  were  not 
constant  reservoirs  of  carbon  but  were  yielding  carbon  to  the  atmosphere  at  a  rate  commensurate  with 
the  other  emissions,  primarily  due  to  a  rate  of  human  destruction  of  the  world's  forests  greater  than 
natural  restoration.  Leaving  aside  some  early  highly  exaggerated  rates  of  forest  destruction,  the 
Academy  report  accepted  a  rale  of  disappearance  of  forests  equivalent  to  between  2  and  4  gigatons  of 
carbon  per  year  or  about  half  the  cmi.ssions  due  to  power  generation.  The  Academy  report  specifically 
recognized  this  dilemma  as  not  resolvable  at  the  time  and  a  ncccs.sary  subject  for  further  investigation. 

While  the  large  divergences  are  no  longer  an  issue  there  still  are  problems  and,  to  mix  a  metaphor,  the 
carbon  balance  estimate  is  in  a  state  of  fiux  and  perhaps  may  have  been  reversed.  The  situation  has 
since  changed  to  being  described  as  that  of  the  "missing  carbon".  The  results  of  direct  measurement  of 
the  fiow  of  CO2  from  the  atmosphere  into  the  upper  ocean    showed  a  much  reduced  flow  than  that 
needed  to  add  to  the  airborne  fraction  to  balance  the  man  made  input.  The  original  report  was  quite 
extreme,  proposing  that  the  fiow  of  carbon  into  the  ocean  was  reduced  by  two  thirds  to  1  gigatons  per 
year.  Other  analysts  have  since  suggested  a  somewhat  lesser  reduction  but  it  still  represents  a 
substantial  amount  of  'mi.ssing*  carbon.  The  complete  analysis  strongly  suggests  that  the  carbon  is 
going  into  land  areas  in  the  northern  hemisphere  --  presumably  the  forests.  This  is  in  contradiction  to 
all  our  intuition.  Also,  and  subsequently,  papers  have  been  published  establishing  a  2  gigalon  per  year 
growth  of  forests  in  western  Europe  which  could  help  reestablish  the  balance.  Resolving  this  series  of 
questions  is  important  for  policy  implications  for  the  manipulation  of  forests  is  a  frequently  proposed 
mitigation  procedure. 


2  P.  Tans,  Takahashi  and  Fung,  Observational  Constraints  on  the  Global  Atmospheric  CO2,  Science, 
247:1432-1438,  Mar.  23,  1990 
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It  was  understood  from  the  very  beginning  of  analysis  of  global  warming,  that  by  far  the  largest 
contribution  to  the  warming  of  the  earth  by  the  interaction  of  solar  radiation  with  the  atmosphere  was 
due  to  the  water  in  the  atmosphere.  The  direct  effect  of  anthropogenic  greenhouse  gases  is  small 
compared  to  the  possible  induced  feedback  on  the  generation  of  clouds,  their  specific  physical 
characteristics  such  as  height  and  thickness  and  the  change  in  the  water  vapor  content  in  the 
atmosphere.  The  lack  of  solid  scientific  knowledge  on  the  phenomena  involved  was  the  most  serious 
issue  blocking  progress  in  developing  useful  models  and  unfortunately  the  situation  remains  the  same 
today.  There  is  wide  disagreement  among  'he  experts  on  the  feedback,  not  only  the  magnitude  but 
even  the  sign. 

Another  contributing  atmospheric  constituent  that  was  noted  in  the  Academy  report  was  the  presence 
of  aerosols.  Little  of  numerical  \'aluc  was  then  available.  Knowledge  has  developed  considerably  in  the 
intervening  ten  years  and  it  is  has  become  an  active  research  area  on  many  fronts.  One  of  the  strong 
incentives  is  the  surmise  among  many  workers  in  the  field  that  the  smaller  change  in  average  surface 
temperature  over  the  last  one  hundred  years  as  determined  from  surface  stations  compared  to  the 
model  predictions  is  due  to  the  compensating  effect  of  aerosols.  The  reduction  in  the  greenhouse 
effect  would  simply  be  due  to  the  scattering  of  solar  radiation  by  the  aerosols.  The  analysis  is  complex 
because  a  fraction  of  the  aerosol  content  is  anthropogenic,  particles  from  power  plants,  for  example, 
and  some  is  generated  biologically  over  the  oceans.  The  effects  depends  not  only  on  the  density  of  the 
particulate  matter  but  on  the  size  of  the  particles.  It  is  further  complicated  bv  the  peopraphical 
inhomogeneitv  of  the  aerosols.  Over  the  years  it  has  not  been  possible  to  achieve  a  reasonable 
correlation  with  the  shape  of  the  observed  temperature  change. 

To  rationalize  the  observed  temperature  rise  and  its  less  than  predicted  value  other  factors  than 
aerosols  have  been  looked  at.  An  obvious  one  is  the  possibility  of  variations  in  solar  energy  output, 
f sentence  removed)  Statistical  correlation  of  the  temperature  change  with  sunspot  number  (phrase 
removed')  revealed  no  connection  between  the  two  and  it  was  assumed  that  that  settled  the  question. 
Yet  a  Danish  group  ,  using  the  same  data,  but  correlating  the  length  of  ihc  sunspot  cycle  to  the 
hundred  year  temperature  data  found  remarkable  agreement.  This  result  has  been  severely  attacked, 
mostly  because  the  agreement  is  too  good!  In  any  event,  the  sharp  divergence  of  the  results  of  the  two 
methods  at  the  least  puts  both  in  doubt. 

Somewhat  earlier,  Newell    published  an  analysis  of  ocean  surface  temperatures  that  showed  no  change 
over  the  one  hundred  year  period  and,  as  a  byproduct,  established  a  small  solar  effect. 

To  gain  further  insight  into  the  possibility  of  solar  variations  being  a  factor,  a  group  of  solar 
astronomers  have  been  studying  a  number  of  stars  similar  to  the  sun  and  observe  changes  over  time 
periods  commensurate  with  the  ones  associated  with  the  greenhouse  climate  phenomenon. 

The  Academy  report  recognized  the  importance  of  other  greenhouse  gases.  The  two  most  prominent 
ones  were  the  CFC's  (Chlorofluorocarbons)  and  methane.  The  origin  of  the  CFC's  was  clear.  They 
arc  man  made.  They  result  from  the  use  of  Freon  as  a  refrigerant,  others  as  industrial  cleaners  and  so 
on.  The  growing  emissions  are  estimated  to  account  for  25  per  cent  of  the  current  greenhouse 
potential.  This  is  considerable  in  view  of  the  relatively  small  volume  of  these  atmospheric  components 
compared  to  002-  This  smallness  is  compensated  by  the  fact  that  the  CO2  fraction  in  the  atmosphere 
is  so  great  that  there  is  a  saturation  effect.  The  result  is  that  the  induced  change  in  greenhouse 
potential  is  proportional  only  to  the  logarithm  of  the  change  in  CO2  concentration.  On  the  other  hand, 
the  corresponding  change  due  to  the  change  in  the  CFC's  is  not  only  linear  but  is  enhanced  due  the 
unusually  high  absorption  activity  in  the  infrared  at  the  molecular  level  for  some  of  the  species. 

3  Fris-Christen.scn,  E.  and  Lassen,  K.  The  Length  of  the  Solar  Cyclc:An  Indicator  of  Solar  Activity 
Closely  A.ssociatcd  With  Climate.  Science  254:698-7(10  1  Nov  199L 

4  Newell,  N.E.,  Hsuing,  J.  and  Zhongxiang,  W.,  1989,  Global  Marine  Temperature  and  the  Solar 
Magnetic  Cycle,  Geophys.  Research  Letters  16:31 1-314 
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The  CFCs  may  disappear  as  a  global  warming  problem,  however,  because  of  internalional  agreements 
restricting  their  use  to  suppress  their  effect  of  thinning  the  prolective  stratospheric  ozone  layer.  It 
remains  to  be  seen  if  the  substitutes  that  are  being  introduced  are  more  climatically  benign.  The 
situation  with  respect  to  methane  has  become  more  confused.  Until  recently  the  methane  has  been 
growing  at  a  steady  exponential  rate.  This  rate  of  growth  has  not  only  decreased  but  the  actual  curve 
has  developed  a  definite  concavity  towards  the  time  axis.  The  source  of  this  atmospheric  methane  has 
always  been  hard  to  pin  down.  Rice  fields,  cattle,  termites  and  the  like  have  been  proposed  as  primary 
sources  but  the  numbers  have  never  been  clear  and  even  less  so  with  the  new  functional  behavior.  This 
dip  in  rate  is  not  comforting  to  scyne  for  there  always  is  a  consideration  of  an  instability  due  to  the 
worldwide  presence  of  clathrates  ,  in  the  oceans  and  in  the  Arctic  tundra.  If  warming  temperatures 
penetrate  deeply  enough,  sufficient  methane  could  be  released  at  a  rate  that  would  feedback  positively 
through  the  greenhouse  behavior  of  the  released  methane. 

There  has  been  a  persistent  difficulty  in  presenting  the  anatomy  of  the  problem  of  global  climate 
change  and  that  has  been  the  widely  used  surrogate  measure  —  the  average  global  surface  temperature. 
Taken  by  itself,  a  small  change  in  this  quantity  has  very  little  meaning  as  far  as  climate  change  goes. 
What  is  relevant  arc  changes  in  the  statistics  of  regional  environmental  phenomena  such  as  periods  of 
sustained  droughts  as  has  just  occurred  in  California,  the  statistics  of  the  frequency  and  intensity  of 
hurricanes  in  Florida,  for  example,  the  frequency  and  severity  of  storm  surges,  as  happens  in 
Bangladesh  and  so  on.  Nor  are  we  talking  about  averages  but  about  changes  in  the  statistical 
distribution,  the  variance  or  autocorrelation,  for  example.  In  these  and  other  matters  there  has  been 
very  little  progress  made  in  the  modelling  arena.  Very  great  efforts,  in  time,  money  and  manpower 
have  been  and  are  being  expended  in  developing  general  circulation  models  of  the  globe  in  many 
countries.  Great  ingenuity  in  programming  and  use  of  the  most  advanced  computing  power  is  being 
used  but  little  progress  has  been  achieved  in  assessing  the  effect  of  the  growth  of  greenhouse  gases  on 
predicting  the  behavior  of  regional  climate  or  even  predicting  today's  precipitation. 

To  emphasize  the  surrogate  nature  of  expressing  climate  change  in  terms  of  changes  in  average  global 
temperature  we  can  visualize  a  model  where  the  increased  greenhouse  forcing  has  such  a  strong 
negative  feedback  that  increased  cloudiness  results  in  a  change  in  albedo  that  just  cancels  a  possible 
temperature  increase.  There  arc  such  proposals.  One  can  hardly  say,  however,  that  there  has  been  no 
climate  change.  Just  the  increased  cloudiness  is  a  clear  climate  change  and,  since  it  most  likely  will  not 
be  globally  uniform,  some  have  indicated  ,  in  effect,  that  there  would  be  a  spectrum  of  regional  climate 
effects. 

In  fact,  the  spread  in  predicted  average  temperature  due  to  an  equivalent  of  doubling  CO2 
concentration  in  the  atmosphere  as  calculated  by  the  models  ten  years  ago  was  approximately  between 
1  and  4  degrees  centigrade.  This  was  what  was  reported  in  the  first  IPCC  report  and  the  spread  has 
not  significantly  decreased.  This  discrepancy  is  generally  assigned  to  the  different  approaches  in 
dealing  with  the  water  in  the  atmosphere.  This  may  or  may  not  be  the  only  source  of  the  discrepancy 
but  the  situation  remains  fairly  much  the  same  today.  One  result  is  that  massive  efforts  are  being  made 
to  deliberately  compare  the  workings  of  the  different  models  to  get  at  the  root  cause  of  this  behavior. 

The  generally  recognized  deficiency  was  the  lack  of  an  equivalent  dynamic  ocean  model  coupled  to  the 
atmospheric  one.  There  has  been  some  success  in  this  area  in  that  many  of  the  models  now 
incorporate  a  coupled  ocean  model  although  the  ocean  part  is  not  as  advanced  as  its  atmospheric 
counterpart.  This  has  resulted  in  the  improved  understanding  and  value  of  the  resident  lifetime  of 
anthropogenic  CO2  in  the  atmosphere  that  was  put  forward  earlier. 


5  Clathrates.  MacDonald,  Gordon  J.,  Enc.  Earth  Science  Systems,  Academic  Press,  1:476-484 

6  Raval,  A.  and  Ramanathan,  V.  Ob.servational  Determination  of  the  Greehousc  Effect.  Nature 
342:758  14  Dec  1989,  for  example. 
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The  major  advances  in  our  thinking  relative  to  global  warming  in  these  last  ten  years  have  been  largely 
made  outside  the  model  environment.  They  have  been  accomplished  \ia  field  measurements,  some  of 
which  have  been  very  ingenious.  Among  them  arc  the  ice  core  work  in  the  Antarctic  (now  also  in 
Greenland),  the  measurement  of  aerosol  concentrations  (much  more  is  needed),  the  direct 
measurement  of  the  flow  of  CO2  into  the  ocean  from  the  atmosphere,  vertical  temperature  probes  into 
the  Canadian  Shield    and  the  now  continuing  measurement  of  the  surface  temperature  at  the  earth's 
surface   via  satellite  observations. 

The  latter  series  of  measurements  now  cover  a  slightly  larger  time  span  than  10  years  to  the  present. 
They  show  no  change  in  average  surface  temperature  over  that  period  of  time  which  is  in  contradiction 
to  the  behavior  of  the  ground  station  averages.  This  difference  has  to  be  resolved.  The  measurements, 
in  a  sense,  cost  nothing.  They  are  a  byproduct  of  measurements  on  spectral  emission  lines  of 
molecular  oxygen. 

The  results  from  the  bore  holes  in  the  Canadian  Shield  present  still  another  view  on  what  may  be 
happening.  The  authors  used  old  and  new  vertical  logging  temperature  data  from  abandoned  oil 
prospecting  holes  to  calculate  the  surface  tem[>erature  backwards  in  time  for  a  few  thousand  years 
from  its  diffusive  penetration  into  the  earth's  surface.  The  analysis  is  complicated  but  they  do  indeed 
observe  a  recent  significant  rise  that,  however,  follows  a  minimum  in  the  last  century.  The  effect  is 
more  pronounced  in  Eastern  Canada  than  in  the  west.  This  result  is  somewhat  comforting  because  all 
models,  from  the  simplest  to  the  most  complex,  predict  increases  in  the  polar  regions  significantly 
larger  than  the  average  and  particularly  the  equatorial  values.  The  ground  station  observations  do  not 
show  this  difference  and  this  had  been  held  to  be  still  another  model  deficiency. 

Included  in  this  category  of  recent  advances  in  understanding  the  set  of  phenomena  are  the  aerosols 
and  the  changes  in  visualization  of  the  carbon  cycle  that  were  mentioned  earlier.  These  subjects  are  by 
no  means  closed.  (Remainder  of  sentence  deleted.) 

Still,  for  the  time  being,  the  giant  computer  models  offer  the  only  apparent  road  to  estimating  regional 
climate  changes  due  to  perturbalion.<;,  man  made  or  natural.  One  weakness,  thai  of  the  effect  of 
changes  in  atmospheric  water  content,  is  being  attacked  by  means  of  a  major  field  program  in  the 
United  Stales,  ARM  (Atmospheric  Radiation  Measurements).  It  is  a  large  complex  of  instruments 
that  eventually  is  to  be  established  in  a  variety  of  locations  to  measure  the  radiation  patterns  under  the 
normal  variety  of  weather  conditions.  Again  we  must  wait  and  be  patient. 

A  totally  different  set  of  problems  are  now  being  examined  that  go  to  the  mathematical  foundations  of 
the  equations  that  are  fed  into  the  computers.  These  equations  are  composed  of  many  independent 
variables  connected  in  a  highly  non-linear  enNvonment.  From  the  famous  work  of  Lorenz  on  the 
similar  equations  for  predicting  weather  we  already  know  that  there  are  problems  with  the  solutions  to 
these  equations.  But  we  are  also  aware  of  the  possible  chaotic  behavior  of  coupled  non-linear 
equations.  Just  what  that  means  in  this  application  is  not  at  all  clear.  We  can  say  that  we  do  not  know 
to  what  extent  the  system  is  predictable. 

What  is  clear  is  that  solutions  often  tend  to  drift  and  artificial  boundary  conditions  have  to  be  employed 
to  stabilize  the  solutions.  When  the  coupled  ocean  model  was  introduced,  it  was  found  necessary  to 
use  ahered  values  for  the  wind  stress  on  the  ocean  surface  to  obtain  non-drifting  solutions.  As  an 
aside,  there  is  a  very  difficult  problem  to  overcome  in  that  the  time  scales  for  the  ocean  are  far  longer 

7  a)  Lauchenbruch,  A.H.  and  Marshall,  B.V.  1986.  Changing  Climate:  geothermal  evidence  from 
permafrost  in  the  Alskan  Arctic.  Science,  234:689-6%. 

b)  Lcwi.s,  TJ.  (Editor)  1992.  Climatic  change  inferred  from  underground  temperatures.  Special  issue, 
Global  and  Planetary  Change  6:71-281. 

8  Spencer,  Roy  W.  and  Christy,  John  R.  Precise  Monitoring  of  Global  Temperature  Trends  from 
Satellites.  Science  247:1558-1562  30  Mar  1990. 
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ihan  those  for  ihc  atmosphere  and,  conversely,  the  length  scales  for  the  ocean  arc  far  shorter  than 
those  for  the  atmosphere.  A  good  boundary  match  is  very  difficult  to  achieve.  Withal,  the  computer 
models  achieve  a  surprisingly  good  picture  of  the  earth's  climate.  But  this  method  of  "tuning"  the 
models  to  obtain  today's  climate  is  probably  not  adequate  to  evaluate  changes  in  climate  due  to 
perturbations  such  as  those  due  to  the  anthropogenic  introduction  of  greenhouse  gases. 

This  extra  detail  on  models  is  intended  to  advance  to  the  next  topic  which  is  that  of  mitigation.  To  have 
a  successful  mitigation  program  it  is  necessary  to  be  assured  with  certainly  that  the  program  carries  no 
harmful  or  unacceptable  side  effects.  To  put  forward  a  general  statement  --  although  a  mitigation 
procedure  is  an  intended  perturbation  unlike  that  of  global  warming  due  to  CO2  emissions,  it  is, 
nevertheless  a  perturbation  that  has  to  be  analyzed  with  the  best  analytic  tools  available,  namely  the 
GCM's.  However,  from  the  preceding  discussion,  we  can  only  be  sure  that  we  cannot  foretell  the 
regional  climalc  consequences  with  any  degree  of  reliability  and,  wc  may,  in  fact,  unleash  a  whole  scries 
of  "unintended  consequences",  to  intentionally  borrow  a  term  from  the  economists.  This  makes  the 
entire  concept  of  mitigation  a  precarious  one. 

This  thesis  can  be  made  a  bit  clearer  by  examining  a  popular  example,  that  of  planting  large  expanses 
of  trees  sufficient  in  area  to  take  up  the  increase  in  CO2  via  the  excess  of  photo.synthcsis  over 
respiration.  It  is  feasible  and  has  certain  additional  attractiveness  if  the  forests  are  systematically 
harvested  for  fuel,  particularly  m  the  form  of  methyl  alcohol.  However,  there  have  been  several 
analyses  of  this  stratagem  indicating  that  the  change  in  albedo  that  would  result  would  just  about 
balance  the  resultant  decrease  in  greenhouse  forcing  due  to  the  uptake  in  CO2.  This  would  appear  to 
be  harmless  enough  except  that  the  reforesting  would  be  concentrated  in  specific  areas  of  the  globe 
and,  while  the  CO2  forcing  is,  in  some  sense,  uniform  over  the  globe,  the  change  in  albedo  would  be 
highly  variable  over  the  surface.  The  asymmetry  produced  would  clearly  have  variable  regional  climate 
changes  despite  the  maintenance  of  a  constant  average  global  surface  temperature. 

There  is  another,  somewhat  more  subtle,  example  of  the  difficulty  in  achieving  a  proper  mitigating 
action.  One  of  the  odd  and  previously  unnoted  features  of  the  0.5  degree  rise  in  surface  temperatures 
in  the  last  one  hundred  years  is  that  the  rise  has  been  manifested  in  the  night  time  temperature 
averages  for  part  of  the  record  and  part  of  the  globe.  The  day  time  temperature  averages  show  no 
change.  The  GCM  models  do  not  show  this  effect.  The  implication  is  that  the  use  of  artificially 
introduced  stratospheric  aerosols,  another  popular  proposal,  would  not  achieve  the  same  asymmetry 
and,  again  ,  the  miligative  effect  would  not  be  neutral. 

There  is  a  curious  parallel  to  this  discussion  of  the  natural  phenomenon  of  global  warming  in  the 
approach  that  economic  modelers  take.  After  all,  one  half  the  problem  of  global  warming  is  predicting 
the  economic  behavior  of  the  peoples  of  the  planet  for  the  next  one  hundred  years.  The  equations  used 
by  the  economists  have  the  same  ill-natured  behavior  as  the  climate  ones  in  being  of  many  dependent 
variables  and  highly  non-linear.  They  suffer  the  same  predictive  weaknesses  and  the  combination  of 
the  two  does  not  engender  great  optimism. 

While  this  is  a  sobering  review  of  the  scientific  status  of  a  major  world  problem,  it  bv  no  means  implies 
that  we  are  helpless  in  dealing  with  it.  Complex  problems  of  this  nalure  are  never  "solved"  in  the 
simple  mathematical  sense.  Rather,  we  deal  with  them  as  best  we  can  in  light  of  current  and  increasing 
knowledge.  Without  waiting  for  a  clearer  signal  on  global  warming  to  emerge,  the  nations  of  the  world 
have  agreed  at  Geneva  to  recognize  that  a  grave  potential  problem  exists.  The  next  step  is  the 
development  of  an  accepted  political  and  economic  pattern  of  reduction  of  the  use  of  carbon  fuels.  We 
have  already  noted  that  the  arrival  of  the  anticipated  coupled  ocean-almosphere  climate  models  have 
yielded  clearer  insight  into  the  lifetimes  of  the  airborne  fraction  of  anthropogenic  C02-  These  new 
numbers  support  the  value  of  relatively  modest  reductions  in  consumption  but  also  relieve  to  a  large 
degree  the  lime  urgency  of  action  and  permit  a  "tailoring"  of  rcspon.sc  lo  observed  effects. 
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Analysis  has  already  reduced  (he  implied  impact  of  sea  level  rise.  Similarly,  the  analysis  in  the 
Academy  report  of  anticipated  agricultural  effects  in  the  United  States  for  the  next  Hftv  years  or  so 
shows  a  zero  change  in  balance  between  fertilization  induced  by  the  increased  CO2  and  decreased 
rainfall.  Refinements  in  the  intervening  years  show  no  reason  to  change  this  concfusion.  Concomitant 
analyses  can  and  should  be  made  for  other  regions  of  the  world. 

It  is  instructive,  then,  to  bypass  the  complexities  of  both  the  climate  and  economic  models  by  the 
following  argument.  We  look  back  and  accept  the  the  rate  of  exponential  growth  of  atmospheric  CO2 
for  the  last  one  hundred  years  as  a  given  and  use  it  to  predict  the  future  growth  at  the  same  rate.  Since 
we  know  that  the  grccnhou.se  effect  of  CO2  ^ill  increase  only  logarithmically  with  the  concentration, 
we  would  expect  an  increase  in  global  temperature  in  the  next  one  hundred  years  of  the  same  amount 
as  for  the  last  one  hundred  years  namely  0.6  degrees  centigrade,  assuming  that  the  temperature  rise 
was  indeed  due  to  the  ri.se  in  CO2.  This  is  conservative  reasoning  but  unfortunately  tells  us  nothing  of 
the  regional  climate  changes.  This  also  predicts  something  less  than  doubling  of  the  CO2 
concentration  in  that  period. 

There  is  no  reason  to  believe  that  we  are  at  the  end  of  surprises  in  this  very  complicated  set  of 
phenomena.  At  this  very  time  we  are  being  exposed  to  two  very  radical  concepts.  The  first  is  derived 
from  the  very  recent  measurements  on  the  Greenland  ice  cores.  This  is  a  natural  sequence  to  the 
researches  on  the  Antarctic  cores  and  the  wealth  of  information  that  ensued.  The  Greenland  cores  are 
more  informative  because  the  greater  precipitation  yields  time  resolution  of  the  order  of  one  year.  The 
extraordinary  result,  which  is  now  widely  disseminated,  is  that  the  earth's  climate,  as  revealed  by  the 
cores,  was  extremely  variable  on  nearly  a  year  to  year  basis  with  abrupt  changes  in  average  temperature 
of  the  order  of  several  degrees  centigrade.  This  pattern  abruptly  ceased  about  ten  thousand  years  ago 
and  the  temperature  (and  thus  presumably  the  climate)  has  remained  relatively  quiet  since.  There  are 
several  implications  or  one  can  more  properly  speak  of  surmises.  The  one  is  that  we  are,  and  have 
been  for  several  thousand  years,  in  an  abnormal  climatic  state.  Another  is  that  we  are  liable  to  leave 
this  state  and  return  to  the  more  "normal"  one  of  constant  fluctuation  at  any  tine.  The  weakness  of  this 
argument  is  that  the  reccord  would  only  applv  regionally,  perhaps  only  to  the  North  Atlantic  But  then 
that  also  limits  the  geographical  applicability  of  the  temperature  record. 

The  difficult  part,  if  these  observations  hold  up,  is  that  our  models  give  no  indication  of  the  existence  of 
an  earth  with  this  kind  of  fluctuating  climate.  While  there  has  been  much  talk  and  some  examples  of 
an  earth  with  more  than  one  "stable"  climate,  mostly  in  connection  with  attempts  to  explain  the  ice 
ages,  they  have  not  been  very  convincing  The  explanation  may  be  straightforward  and  more 
comforting.  This  fluctuating  behavior  occurred  during  a  period  of  glacier  recession.  There  is  no 
reason  to  believe  that  the  glaciers  receded  uniformly  and  it  is  more  likely  that  they  alternated  in 
receding  from  year  to  year.  If  so,  Greenland  would  be  subject  to  frequent  reversals  of  winds  that  are 
.symptomatic  or  causal  of  abrupt  climate  changes.  Examination  of  the  particles  trapped  in  the  cores 
may  tell  the  story'. 

Questions  have  also  recently  arisen  in  another  area.  That  concerns  the  source  of  the  rise  in  CO2 
concentration  as  measured  by  Keeling.  By  ignoring  the  seemingly  close  correlation  between  the  shape 
of  the  known  CO2  emissions  and  the  Keeling  curve  and  starting  ab  initio,  the  startling  conclusion  can 
be  reached  that  the  anthropogenic  component  is  only  part  of  the  rise  and  the  remainder  is  due  to  shifts 
in  the  much  larger  natural  reservoirs  and  fluxes.  There  is  some  debate  swirling  around  this  result  but, 
if  it  too  holds  up,  then  the  mitigation  and  adaptation  issues  change  radically.  The  problem  does  not 
neces-sarily  go  away  because  the  changes  we  may  face  are  not  man  induced.  They  may  become  even 
more  serious.  It  is  one  thing  to  plan  mitigation  against  man's  intervention  into  the  environment.  It  is 
another  to  di.scuss  mitigation  against  natural  global  climate  change. 


9  Lindzen,  Richard,  Private  Communication,  Scpt.,1993 
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Climate  change  is  a  fascinating  and  enjoyable  topic  when  it  is  drawn  away  from  policy  and  political 
considerations.  The  history  of  vineyards  in  Great  Britain,  the  disappearance  of  Indian  complexes  in  the 
United  States  Southwest,  the  abandonment  of  farming  in  the  deserts  in  Peru  and  many  other  examples 
have  induced  great  intellectual  curiosity,  research  and  entertainment.  I  feel  that  I  should  add  a  brand 
new  one  drawn  from  the  observation  that  the  earth  had  a  highly  variable  climate  until  about  ten 
thousand  years  ago.  This  change  coincides  closely  with  man's  development  of  an  agricultural  basis  for 
existence.  Until  that  time  there  is  no  archaeological  evidence  of  any  agricultural  activity.  Human  life 
was  that  of  hunting  and  gathering.  We  could  surmise  that  only  when  the  year  to  year  climate  remained 
reasonably  stable  in  a  given  area  that  it  became  possible  to  experiment,  to  select  and  to  draw 
reasonable  return  from  the  efforts. 

November  7, 1994 
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Mr.  ROHRABACHER.  Just  to  let  you  know,  and  I  respect  each  and 
every  one  of  the  panelists  today,  I  mentioned  earlier  that  I  am  a 
journalist  by  profession. 

We  were  taught  as  journalists  to  put  the  most  important  item 
right  up  front.  That  is  the  lead  of  the  story.  Now  in  the  academic 
world  it  is  just  the  opposite,  as  you  lead  up  to  your  most  important 
point. 

[Laughter.] 

Mr.  ROHRABACHER.  When  it  comes  to  situations  like  this  where 
we  have  about  five  minutes,  I  know  how  frustrating  it  must  be  to 
be  trained  in  the  academic  profession  and  not  be  able  to  lead  up 
to  your  point  because,  just  as  you  get  there,  you  have  run  out  of 
time.  So  we  will  try  to  accommodate  you,  but  if  we  could  try  to 
keep  it  as  close  to  five  minutes  as  possible  so  we  can  get  some  dia- 
logue, and  you  can  then  actually  expand  upon  your  points. 

Mr.  NiERENBERG.  Mr.  Chairman,  can  I  respond  very  briefly  to 
that?  I  have  a  special  problem.  I  understand  that  very  well. 

You  see,  several  of  the  speakers  now  have  spoken  about  hun- 
dreds, and  even  millennia,  you  see,  in  terms  of  this  decay  period. 
This  is  a  very  crucial  policy  issue,  and  I  did  not  want  to  respond 
the  same  way  just  by  saying  it  is  100  years  and  letting  it  go  at 
that. 

That  is  the  crucial  issue  as  far  as  you  are  concerned,  you  the 
Congress. 

Mr.  ROHRABACHER.  Thank  you.  Doctor,  we  will  be  discussing 
that. 

Mr.  Gardiner? 

STATEMENT  OF  DAVID  GARDINER,  ASSISTANT  ADMINIS- 
TRATOR, OFFICE  OF  POLICY,  PLANNING  AND  EVALUATION, 
U.S.  ENVIRONMENTAL  PROTECTION  AGENCY 

Mr.  Gardiner.  Thank  you,  Mr.  Chairman,  for  the  opportunity  to 
be  here  to  discuss  the  EPA  report  entitled  The  Probability  of  Sea 
Level  Rise,  which  we  released  on  October  27th,  1995. 

This  report  provides  estimates  of  the  impact  of  climate  change  on 
coastline  seal  level  elevations  and  is  the  first  to  attach  not  "pre- 
dictions" but  "probabilities"  to  different  projections  of  sea  level  rise. 

This  report  builds  on  previous  scientific  studies,  reconfirming  the 
likely  risk  of  sea  level  rise  and  reinforcing  our  concerns  regarding 
the  resulting  environmental  and  economic  impacts. 

It  also  projects  that  global  warming  will  worsen  sea  level  rise  sig- 
nificantly unless  actions  are  taken  to  avoid  it. 

Let  me  say  at  the  outset  that  we  believe  there  is  a  strong  sci- 
entific consensus  on  the  following  facts: 

First,  the  sea  is  rising  now,  a  trend  that  is  confirmed  by  meas- 
urement data  from  the  last  100  years. 

Second,  the  sea  will  continue  to  rise  over  the  next  century  and 
beyond. 

Third,  climate  models  are  getting  more  accurate  over  time  and 
are  important  for  understanding  future  potential  climate  changes. 

Fourth,  there  is  a  growing  scientific  consensus  that  human-in- 
duced climate  change  is  a  reality. 

And  fifth,  the  uncertainties  surrounding  our  projections  of  sea 
level  rise  are  narrowing. 
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The  EPA  report  is  the  product  of  sound  science  and  increases  our 
confidence  in  the  estimates  of  sea  level  rise. 

Now  let  me  briefly  summarize  the  reasons  both  why  we  did  the 
report,  the  methods  we  used  in  developing  the  report,  and  the  basic 
conclusions  of  the  report. 

First,  EPA  undertook  this  report  because  we  are  committed  to 
doing  the  best  possible  science  on  issues  that  affect  our  environ- 
ment. 

Such  research  provides  vital  information  to  the  public,  decision- 
makers, and  other  government  agencies  to  assist  them  in  doing  the 
best  possible  job  of  managing  our  environmental  resources. 

Increasing  sea  level  poses  significant  risks  to  our  environment. 
Some  of  these  effects  are  potentially  catastrophic  and  irreversible. 

A  sea  level  rise  corresponding  to  the  Intergovernmental  Panel  on 
Climate  changes'  latest  best  estimate,  and  EPA's  50  percent  best 
estimate  for  the  year  2100,  could  drown  approximately  15  to  60 
percent  of  our  coastal  wetlands,  depending  on  whether  they  could 
migrate  inland  or  whether  levees  and  bulkheads  block  their  migra- 
tion. 

Inundate  more  than  5,000  square  miles,  an  area  the  size  of  Con- 
necticut, of  dry  land  in  the  United  States  if  no  protective  actions 
are  taken. 

Areas  at  highest  risk  from  sea  level  rise  are  areas  currently  ex- 
periencing rapid  erosion  rates  and  with  very  low  geographic  relief 
such  as  parts  of  the  United  States  Atlantic  and  Gulf  Coasts. 

In  addition,  a  large  and  growing  proportion  of  the  Nation's  popu- 
lation, facilities,  and  development  is  or  are  being  located  along  the 
coasts. 

Coastal  development  decisions  are  being  made  every  day — deci- 
sions which  are  sensitive  to  sea  level  rise.  Far-sighted  policy  mak- 
ing requires  planning  for  the  future  to  ensure  that  our  efforts  make 
economic  and  environmental  sense. 

That  is  what  our  report  is  all  about.  Helping  coastal  planners, 
engineers,  and  government  agencies  and  the  public  carry  out  their 
responsibilities  to  protect  the  future  of  the  coastal  environment  for 
the  American  public  by  providing  them  with  information  so  that 
they  can  make  better-informed,  common-sense  cost-effective  deci- 
sions to  protect  coastal  areas  and  structures,  personal  property, 
and  coastal  weapons  in  their  particular  communities. 

Perhaps  as  important  as  why  EPA  did  the  report  is  how  EPA  did 
the  report  is  how  EPA  did  the  report,  and  this,  Mr.  Chairman,  gets 
at  the  question  you  were  discussing  with  Mr.  Guerrero  at  the  end 
of  the  last  panel. 

Using  existing  models,  including  those  from  the  IPCC,  EPA  con- 
ducted a  study  of  the  probable  effects  of  global  warming  on  sea 
level  rise. 

As  part  of  a  rigorous  review  process,  reviews  were  sought  and  re- 
ceived from  over  20  prominent  members  of  the  U.S.  and  inter- 
national scientific  community.  I  would  indicate  on  the  chart  that  is 
over  here  on  the  easel,  the  list  of  those  20  prominent  scientists.  I 
think  their  views  represent  a  cross-section  of  the  beliefs  on  the 
likely  effects  of  climate  change,  as  well  as  its  impacts  on  sea  level 
rise. 
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The  agency  went  a  step  further  and  incorporated  the  reviewers' 
best  estimates  of  the  parameters  most  important  to  estimating  the 
extent  and  probabiUty  of  sea  level  rise. 

We  solicited  expert  opinions  on  a  variety  of  key  factors.  All  of  the 
estimates,  from  skeptics  to  supporters  of  global  climate  change  and 
sea  level  rise  were  used  and  were  given  equal  weight  in  deriving 
the  results  of  this  study. 

The  reviews  also  supported  the  statistical  viability  and  universal 
acceptance  of  the  quantitative  methods  used  in  the  study. 

[Chart.] 

I  would  also  note  that  a  paper  by  the  authors  will  shortly  be  pub- 
lished as  a  distinguished  scientific  journal. 

Finally,  the  results: 

The  EPA  report  estimates,  and  what  we  believe  to  be  the  best 
estimate,  is  that  of  the  50  percent  chance  of  sea  level  rising  18 
inches  or  45  centimeters  by  the  year  2100,  with  more  than  two- 
thirds  of  that  increase  attributable  to  a  warming  in  the  Earth's  at- 
mosphere. 

The  EPA  report  attaches  probabilities  of  10  percent  and  1  per- 
cent, respectively,  to  its  estimates  on  the  29  and  44  inch  rise  by 
2100. 

We  estimate  a  90  percent  change  of  an  8-inch  rise. 

Estimates  of  sea  level  rise  vary  substantially  by  locality  due  to 
local  coastal  conditions,  and  if  we  can — actually,  it  is  the  next 
chart — for  example,  by  2100  there  is  again  a  50  percent  change 
that  the  sea  will  rise  13  inches  in  Los  Angeles,  20  inches  in  Miami 
Beach,  22  inches  in  Boston,  27  inches  in  Atlantic  City,  38  inches 
in  Galveston,  55  inches  in  Grand  Isle,  Louisiana.  [Chart  2] 

I  would  like  to  note  the  agreement  and  general  consistency  be- 
tween the  EPA  and  IPCC  sea  level  rise  estimates. 

Again,  if  we  look  at  the  next  chart,  we  can  see  that  there  is  sub- 
stantial consistency  between  the  best  estimate  by  the  IPCC  which 
projects  a  19-inch  increase  by  the  year  2100,  very  close  to  EPA's 
estimate  of  18  inches.  [Chart  3] 

We  are  in  close  agreement  with  IPCC's  low  estimate  of  an  8-inch 
rise  for  which  we  estimate  a  high  likelihood  probability  of  90  per- 
cent. I  will  conclude  shortly. 

In  summary,  the  probability  of  sea  level  rise  is  an  example  of 
EPA's  commitment  to  sound  science.  I  am  confident  that  this  study 
adds  substantially  to  the  scientific  literature  on  sea  level  rise  and 
breaks  new  ground  in  making  available  realistic  and  useful  esti- 
mates of  the  probability  of  sea  level  rise  to  decision  makers,  sci- 
entists, and  the  public. 

Ultimately  this  report  will  help  decision  makers  make  common 
sense,  cost-effective  decisions  to  protect  our  coastal  areas. 

[The  prepared  statement  of  Mr,  Gardiner  follows:] 
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Thank  you  for  the  oppcytunity  to  discuss  the  EPA  report  entitled  TTie  PnybabMy  of  Sea 
Laval  Rise,  which  was  released  on  October  27, 1995.  This  report  provides  estimates  of 
the  impact  of  climate  change  on  coastline  sea  level  elevations  and  is  the  first  to  attach 
probabilities  to  different  projections  of  sea  level  rise.  This  report  builds  on  previous 
studies,  and  both  reconfirms  the  liltely  risk  of  sea  level  rise  and  reinforces  our  concerns 
regarding  the  resulting  environmental  and  economic  impacts.  This  is  part  of  EPA's 
efforts  to  assess  environmental  risks,  as  well  as  to  estimate  the  berwfits  and  costs  cf 
action. 

My  fellow  panelists  from  the  General  Accourtting  Office,  the  U.S.  Gksbal  Change 
Research  Program,  and  the  Office  of  Science  and  Technology  Policy  will  be  addressing 
the  general  issue  of  dimate  modeting,  their  use  in  projecting  potential  impacts  of  global 
climate  change,  and  the  conclusions  of  the  IPCC  Second  Assessment  Report.  I  will 
therefore  focus  my  testimony  on  the  EPA  report  on  sea  level  hse.  I  would  like  to  say  up 
firont  that  there  Is  a  strong  sciantifk:  consensus  on  the  following  facts:  (1 )  the  sea  is 
rising  now  and  measurement  data  from  the  last  100  years  confirms  this  fact;  (2)  the  sea 
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will  oontinue  to  rise  over  the  next  century  and  beyond;  (3)  dimate  models  are  getting 
better  over  time  and  are  Important  for  understanding  future  potential  climate  changes; 

(4)  there  is  a  growing  consensus  that  human-induoed  dimate  change  is  a  reality;  and 

(5)  the  uncertainties  surrounding  our  projections  of  sea  level  rise  are  narrowing.  The 
EPA  report  is  the  pradud  of  good  science  arKJ  increases  our  confidence  in  the 
estimates  of  sea  level  rise. 

Increasing  sea  level  poses  sigruficant  risks  to  our  environment  The  1989  EPA  Report 
to  Congress,  The  Patenti^  Effects  ofGtobal  Ctimate  Change  on  the  United  States. 
cofxrluded  that  a  rise  in  sea  level  would  inundate  wetlands  and  lowlands,  accelerate 
coastal  erosion,  exacertaate  coastal  flooding,  threaten  coastal  structures,  and  increase 
the  salinity  of  rivers,  bays  and  aquifers.  This  can  result  in  loss  of  hat>itat  for  fish, 
migratory  birds  and  otfier  spedes  end  lost  recreational  opportunities  for  humans.  Some 
of  these  effects  are  poterrtially  catastrophic  and  irrBversible.  A  sea  level  rise 
corresponding  to  the  IPCCs  latest  best  estimate  ar)d  EPA's  50  percent  estimate  for  the 
year  2100  could: 

•         Drown  approximately  1 5  to  60  percent  of  our  coastal  wetlaruis,  depending  on 
whether  they  could  migrate  Inland  or  whether  levees  and  bulkheads  block  their 
migratkin.  With  current  sea  level  trends  already  tfreatening  the  wetlands  of 
Louisiana,  any  additional  sea  level  rise  causad  by  dimate  change  will 
exaoert)ate  Vne  problem. 
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Inundate  more  than  5,000  square  miles  (an  area  tt>e  size  of  Connecticut)  of 
dryland  in  the  U.S.  if  no  protective  actions  are  talwn.  Areas  at  highest  risk  from 
sea  level  rise  are  areas  currently  experiencing  rapid  erosion  rates  end  with  very 
low  geographic  relief,  such  as  p^rts  of  the  U.S.  Atlantic  and  Quit  coasts. 


An  even  smaller  rise  in  sea  level  of  abcjut  one  foot  would  generally  cause  beaches  to 
erode: 

50  to  100  feet  from  the  Northeast  to  Maryland. 

200  feet  along  the  Caralinas, 

1 00  to  1 ,000  feet  along  ttw  Florjda  coast, 

200  to  400  feel  along  the  Califolnia  coast,  and 

several  miles  in  Louisiana 


If  6  also  a  fact  that  a  large  and  grcwinf 
and  development  is  located  along  the 
tieing  made  everyday  -  decisions  whith 
policyinaldng  requires  planning  for  tfiej  future. 
about  -  helping  coastal  planners,  eng  neers 
responsibilities  to  protect  the  future 


proportion  of  the  nation's  population,  facilities, 
xiasts.  Coastal  development  decisions  are 
are  sensitive  to  sea  level  rise.  Farsighted 
Thaf  s  what  the  recent  EPA  report  is  all 
and  government  agencies  carry  out  ttieir 
coastal  environment  for  the  American  public. 


of  the 
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Why  we  did  this  report 

The  saa  is  rising.  Tidal  gauge  measurements  from  around  the  world  confinm  this  fact  In 
the  last  100  years,  global  sea  level  has  risen  atxxjt  7  inches  (IPCC  t)e6t  estimate). 
Along  much  of  the  U.S.  coast  sea  level  rise  has  boer\  greater  - 10  to  12  inches  in  the 
last  century.  Over  the  last  15  years,  concerns  that  the  rate  of  sea  level  rise  may 
accelerate  led  coastal  decision  makers  to  seriously  consider  how  to  respond  to  this 
problem. 

A  series  of  reports  have  projected  future  rates  of  saa  level  rise,  likely  environmental 
and  ecoTKimic  Impacts,  and  possible  response  strategies.  In  1982,  EPA  first  began  to 
project  sea  level  rise,  and  first  pdallshed  estimates  In  1983  In  Projecting  Future  Sea 
Leyet  Rise.  Between  1984  and  1989,  EPA  conducted  the  first  assessments  of  potential 
response  strategies  for  New  Jersey,  Maryland,  Charjeston,  the  Delaware  River  Basin, 
Galveston,  and  San  Frarx:isoo.  SirK^e  the  pubricatk>n  of  the  1989  EPA  Report  to 
Congress,  the  Agericy  has  actively  participated  in  the  IPCC  assessment  process. 

Other  agencies  and  organizations  have  also  studied  this  issue.  In  1987,  the  National 
Research  Council  (Committee  on  Engineering  Implications  of  Changes  in  Relative 
Mean  Sea  Level)  issued  a  report  that  cor>duded  The  risk  of  accelerated  mean  sea 
level  rise  is  sufTidenUy  established  to  warrant  consideration  in  the  planning  arxj  design 
of  coastal  facilities."  The  report  recommended  "thai  appropriate  statistical  techniques 
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toe  applied  to  develop  a  probability  distribution  associated  with  sea  level  rise  through 
the  year  2100  and  that  all  updated  projections  irK:lude  such  information."  In  addition, 
the  report  noted  that  while  it  may  be  some  time  t>eforB  exact  estimates  of  sea  level  rise 
are  available,  the  risks  associated  with  a  substantial  rise  should  not  tie  disregarded. 

Many  decisions  that  the  Federal,  state,  local  and  phvate  sectors  are  making  today 
regarding  investments  in  coastal  structures  are  ser^ibve  to  local  sea  level  rise.  For 
example,  {carriers  have  been  built  to  protect  coastal  cities  from  flooding  during  storm 
surges.  Engineers  design  ttiese  structures  to  deal  with  storms  of  specified  design 
magnitude.  The  safety  factors  of  these  stnxtures  wilt  be  reduced  as  sea  level  rises. 
Maintaining  the  desired  level  of  sataty  requires  an  explicit  consideration  of  the 
probability  distribution  of  sea  level  rise. 

Statutory  requirements  have  also  resulted  in  institutional  needs  for  sea  level  rise 
probability  infomnatioa  For  example,  the  Coastal  Zone  Management  Act  requires  states 
to  plan  tar  accelerated  sea  level  rise  from  a  changing  climate  Similarly,  the  Water 
Resources  Development  Act  of  1965  requires  the  Army  Corps  of  Engineers  to 
determine  how  to  address  accelerated  sea  level  rise.  Congress  requires  FEMA  to 
assess  the  impltcations  of  sea  level  rise  for  the  Flood  Insurance  Program.  At  the  state 
level,  various  State  Beach  Management  Acts  ro^uire  the  type  of  probability  information 
contained  in  the  EPA  report  In  addition,  ongoing  plans  to  address  larxl  loss  in  states 


138 

such  as  Louisiana,  South  Canslina,  and  Maine,  already  recognize  accelerated  sea  level 
rise  as  a  factor  that  could  alter  the  tjest  response  policy. 

The  cost  of  preparing  for  sea  level  rise  may  tie  small  compared  to  the  eventual  costs  if 
the  sea  rises  more  than  allowed  for  in  the  irntial  project  design.  TNs  is  likely  to  be  true 
for  structures  which  are  ill-suited  for  retrofitting.  For  example,  coastal  buildings  such  as 
beach-front  hotels  and  shopping  centers  would  be  vulnerable  to  a  rise  in  sea  level  A 
one  toot  rise  in  sea  level  may  put  the  entire  investment  in  the  development  in  jeopardy. 
The  prudent  design  might  Include  an  extra  foot  of  elevation  or  a  horizontal  setbaci(  to 
safeguard  against  expmsive  reconstruction.  Similarly,  whan  offshore  oiklhlling 
platforms  are  being  built,  engineers  now  add  an  extra  meter  to  ptatfbrm  height  as  an 
insurance  policy  to  protect  against  sea  level  rise.  They  dont  know  for  sure  tfiat  sea 
level  is  going  to  rise  by  a  meter;  ttiey  do  know,  however,  that  Its  much  cheaper  to  build 
the  platform  one  meter  higher  than  to  risk  losing  the  whole  platform. 

The  purpose  of  the  EPA  report  is  to  provide  this  information  to  decision  makers.  It  does 
this  by  translating  information  from  the  IPCC  and  others  into  a  form  that  is  more  directly 
usable  to  coastal  dectsion  makers.  That  is.  tiie  EPA  report  contains  probability-based 
projections  which  can  be  added  to  other  local  infomtation  (e.g.,  tide-gauge 
measurements)  to  estimate  future  sea  level  rise  at  a  particular  location.  For  example,  in 
Boston,  MA,  there  is  a  50  percent  chance  that  sea  level  will  rise  22  inches  by  the  year 
2100,  a  10  percent  chance  of  a  34  inch  rise,  artd  a  1  percent  change  of  a  48  inch  rise. 
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The  EPA  report  also  allows  decision  makers  to  determine  when  a  specified  amount  of 
sea  level  rise  is  likely  happen.  For  example,  in  Washin0ton  DC,  there  is  a  1  percent 
chance  of  a  one  foot  rise  in  sea  level  by  2025,  a  45  percent  chance  by  2050  and  a 
greater  than  90  percent  chance  by  2100. 

Finally,  estimates  of  sea  level  rise  vary  substantially  by  locality.  For  example,  by  2100 
there  is  a  50  percent  chance  that  the  sea  will  rise,  by  13  Inches  in  Los  Angeles,  CA;  by 
20  inches  in  Miami  Beach,  FL,  by  27  inches  in  Atlantic  City,  N J;  by  38  inches  in 
Galveston,  TX;  and  by  55  inches  in  Grand  Isle,  LA  This  infbnr^on  can  help  coastal 
zone  managers  and  others  make  better  infonned  and  more  cost-effective  decisions  to 
protect  coastal  areas  and  structures,  personal  property,  and  coastal  wetlands. 

EPA  results  and  consistency  with  iPCC  estimates 

I  would  like  to  note  the  good  agreement  and  general  consistency  between  the  EPA  and 
IPCC  sea  level  rise  estimates.  The  differences  lie  in  that  the  EPA  report  estimates 
probabilities  associated  with  venous  increases  in  sea  level,  whereas  (he  IPCC  report 
provkles  a  lower,  upper  and  best  estimate,  not  in  the  overell  fining  of  sea  level  rise. 

The  EPA  report  estimates  a  50%  chance  of  sea  levels  rising  18  inches  (45  cm)  l>y  the 
year  2100.  The  best  estimate  by  the  IPCC  is  for  19  inches  (49  cm).  IPCC  also  reports 
a  "high"  estimate  of  a  34  inch  (86  cm)  rise.  The  EPA  report  attaches  probabilities  of 


140 


10%  and  1%,  respectively,  to  its  estimates  of  a  29  and  44  inch  (75  cm  and  112  cm) 
rise,  bounding  the  IPCC  higJi  estimate.  We  are  in  dose  agreement  with  IPCC's  "lov/' 
estimate  of  an  8  inch  (20  cm)  rise,  for  vvhich  we  estimate  a  "high  likelihood"  probability 
of90%. 

Both  the  IPCC  and  the  EPA  reports  note  that  the  latest  central  estimates  of  sea  level 
rise  are  lower  than  previous  estimates,  phmariiy  due  to  lower  estimates  of  global 
temperature  change.  We  should  also  keep  in  mind  that  the  range  of  uncertainty  which 
surrQunds  these  estimates  is  narrower  The  science  is  improving,  increasing  our 
confidence  in  estimates  of  future  sea  level  rise. 

I  would  like  to  stress  that  there  are  significant  impacts  even  with  these  newer  estimates. 
For  example,  a  one-fbof  rfsetn  sea  fevefin  2100  would  result  in  the  following  impacts  to 
the  Atlantic  and  Gulf  coasts: 

20-30  %  of  coastal  wetlands  woukj  be  lost 
Sandy  beaches  would  be  eroded  100-150  feet; 

Along  developed  estuarine  shores  such  as  the  Chesapeake  Bay.  most  beaches 
would  be  replaced  t>y  bulkheads; 

Along  ocean  shores  such  as  the  Outer  Banks,  beaches  would  require 
nounshment  and/or  beach  homes  wouki  be  lost;  and 
•  Flood  insurance  rates  wouM  rise  by  30-60  percent 
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How  EPA  did  th«  Report 

Perhaps  as  important  as  why  EPA  did  the  report  is  how  EPA  did  the  report  Using 
existing  models,  (eg,  iPCC,  MAS,  Wigley  and  Raper),  EPA  conducted  a  study  of  the 
probable  effects  of  global  warming  on  sea  level  rise.  As  part  of  a  rigorous  review 
process,  reviews  were  sought  and  received  from  over  20  prominent  members  of  the 
domestic  and  international  scientific  community.  Their  views  span  the  range  of  beliefs 
on  the  likely  effects  of  dimate  change,  and  of  its  impact  on  sea  level.  A  list  of  these 
reviewers  is  attached,  many  of  whom  you  may  be  familiar  with. 

The  Agency  went  a  step  fijrther  arxl  incorporated  the  reviewers'  best  estimates  of  the 
parameters  most  important  to  estimating  ttie  extent  and  probability  of  sea  level  rise. 
Expert  opinions  were  solicited  on  key  factors  such  as  the  thermal  expansion  of  the 
ooeans,  contributions  firom  Greenland  arxl  Antarctica,  and  the  melting  of  small  gladers. 
All  of  the  estimates  -  from  skeptics  and  supporters  of  global  climate  change  and  sea 
level  rise  -  were  used  and  given  equal  weight  in  deriving  the  results  of  this  study.  The 
reviews  also  supported  the  statistical  viability  and  universal  acceptaruse  of  the 
quantitative  methods  used  in  the  study.  Drafts  of  this  report  were  also  stiared  with  other 
federal  agencies,  including  the  Department  of  Energy,  and  the  U.S.  Global  Change 
Research  Program . 
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In  summary.  The  PmhaiMy  of  Sea  Lews/  «tee  is  an  example  of  EPA's  commitment  to 
sound  science.  I  am  confident  that  this  study  adds  substantially  to  the  scientific 
literature  on  sea  level  rise  and  breaks  new  grourvj  in  making  available  realistki  and 
useful  estimates  of  the  probability  of  sea  level  rise  to  decision-makers,  scientists,  and 
the  public.  UlUmately,  this  report  will  help  decision  makers  make  better,  more  cost- 
effective  decisions  to  protect  our  coastal  areas. 

Mr.  Chaimian,  thank  you  for  the  opportunity  to  speak  before  this  Subcommittee.  I  will 
be  pleased  to  answer  any  questkNis  that  you  may  have. 
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Mr.  ROHRABACHER.  Thank  you  very  much,  Mr.  Gardiner.  I  am 
tempted  to  ask  what  this  will  do  to  the  shape  of  the  waves  and 
rideability  of  the  surf,  but  I  will  not  do  that.  I  will  wait  until  later 
when  we  get  off  the  record. 

But  let  me  ask  you  this.  All  of  these  predictions  are  projections 
that  you  are  making  here.  My  staff  is  telling  me  that  this  is  not 
based  on  computer  models.  You  are  not  setting  this  up  and  putting 
this  into  a  scenario  and  working  it  through  in  a  computer?  Is  that 
right? 

Mr.  Gardiner.  I  think  the  description  that  Mr.  Guerrero  gave 
you  at  the  end  of  the  first  panel  was  an  accurate  description. 

What  we  did,  basically,  was  to  take  the  existing  large  climate 
models  that  were  the  subject  of  the  first  panel.  We  taken  those  es- 
timates, including  those  that  the  IPCC  has  used.  We  then  invited 
in — they  give  us  projections  of  changes  in  global  temperature. 

We  then  invited  in  the  20  reviewers  that  I  had  mentioned  to  not 
only  provide  comments  on  what  they  thought  of  that,  but  also  to 
provide  additional  estimates  on  other  factors  that  affect  sea  level 
rise  particularly  such  as  thermal  expansion,  the  rate  of  melting  of 
Antarctica,  Greenland,  of  other  glaciers,  those  kinds  of  factors  were 
considered. 

We  then  ran  a  separate  basically  computer  exercise  known  as  a 
Monte  Carlo  exercise  to  measure  probabilities,  and  the  product  of 
that  is  a  curve  that  looks  like,  or  several  curves,  actually,  that  look 
like  the  one  on  that  chart  there  that  show  a  range  of  probabilities 
of  possible  outcomes. 

That  is  not  the  only  one  that  we  came  to.  That  just  in  our  mind 
seemed  to  be — that  is  the  one  that  looks  at  the  year  2100  and 
shows  the  range  of  possible  outcomes  which  could  occur 

Mr.  RoHRABACHER.  [continuing]  — of  a  catastrophic  outcome? 

Mr.  Gardiner.  Well,  depending  on  what  your  definition  of  "cata- 
strophic" is 

Mr.  ROHRABACHER.  Right.  Okay. 

Mr.  Gardiner,  [continuing]  — what  we  show  is  different  prob- 
abilities for  different  possible  outcomes. 

So  for  an  8-inch  sea  level  rise,  we  believe  there  is  a  very  high 
probability,  a  90  percent  probability,  that  that  would  occur. 

Mr.  ROHRABACHER.  Okay. 

Mr.  Gardiner.  For  a  larger  sea  level  rise  such  as  an  18-inch — 
and  we  believe  there  is  a  50  percent  chance  that  that  would 
occur — and  we  leave  it  to  decision  makers  to  make  their  own  judg- 
ments as  to  which  they  feel  most  comfortable  with. 

Mr.  ROHRABACHER.  We  will  go  back  to  that.  Thank  you  very 
much. 

Dr.  Moore? 

STATEMENT  OF  THOMAS  GALE  MOORE,  SENIOR  FELLOW, 
HOOVER  INSTITUTION 

Mr.  Moore.  Thank  you  very  much,  Mr.  Chairman.  It  is  a  great 
honor  to  be  here  today  to  give  you  my  views  on  this  important  sub- 
ject. 

As  an  economist,  I  have  been  studjdng  the  effects  or  researching 
the  effects  of  global  warming  on  humanity.  My  research  has  taken 
two  routes. 
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One,  I  always  find  that  I  am  much  better  at  predicting  the  past 
than  the  future,  so  I  have  looked  at  the  past  to  see  what  it  could 
tell  us  about  the  future. 

Then  I  have  also  been  doing  some  statistical  analysis  which  has 
not  yet  been  published,  but  I  will  come  back  to  that  in  a  minute 
because  it  deals  with  health  effects. 

Mr.  ROHRABACHER.  It  was  interesting.  Doctor,  that  in  communist 
countries  there  was  a  saying  that  here  we  have  trouble  predicting 
the  future,  but  an  historian  in  a  communist  country  said  there  was 
someone  who  could  accurately  predict  the  past,  because  there  was 
so  much  politics  in  making  those  determinations.  I  just  thought  I 
would  throw  that  in. 

Go  right  ahead. 

Mr.  Moore.  Well,  of  course  there  is  always  some  uncertainty 
about  the  past  as  well  as  the  future,  but  I  think  we  do  have  more 
information. 

Basically  you  asked  for  the  bottom  line  up  front.  The  bottom  line 
is.  Since  the  last  Ice  Age  around  10-  to  12,000  years  ago,  there 
have  been  two  periods  on  earth  where  the  globe  is  significantly 
warmer  than  today. 

The  first  period,  about  3000  to  6000  years  ago,  was  a  period 
where  the  average  temperature  has  been  estimated  that  it  was 
about  4  degrees  Fahrenheit  warmer  than  today,  about  the  level 
that  is  the  upper  level  now  with  the  predictions  for  global  warming 
in  the  year  2100. 

So  we  have  already  experienced  that  on  this  Earth.  And  it  was 
a  time  of  great  prosperity  for  mankind.  At  the  start  of  that  period, 
agriculture  was  invented  literally  around  the  world,  within  a  very 
short  period  of  time,  depending  on  how  long  you  archaeologists  dif- 
fer on  how  long  modern  man  has  been  around,  some  people  say 
120,000  years,  some  people  say  45,000.  In  any  case,  for  most  of 
that  history  mankind  operated  as  a  hunter-  gathered  and  was  not 
a  farmer. 

With  the  development  of  the  warming,  everjrwhere  man  devel- 
oped agriculture  which  meant  we  could  develop  cities,  we  could  de- 
velop parliaments,  congresses,  for  better  or  worse,  and  legislation, 
and  writing,  and  music,  and  all  these  things. 

During  this  first  warm  period,  which  I  said  was  so  warm,  not 
only  was  agriculture  invented  but  the  first  cities  were  established. 
The  first  empires,  big  government  enterprises,  trade  flourished, 
mankind  moved  from  the  Stone  Age  to  the  Bronze  Age,  writing  was 
developed,  it  was  a  very  prosperous  period. 

Then,  the  climate  cooled  about  to  roughly  what  it  has  been  in  the 
last  couple  of  hundred  years  now,  and  then  there  was  another 
warming. 

That  warming  occurred — it  started  in  Asia  around  800  A.D.  and 
by  1000  A.D.  it  was  affected  Europe  and  North  America,  and  that 
warming  lasted  roughly  around  300  years. 

In  Asia,  the  economists  who  studied  Asia  economics  show  that 
income,  or  rather  I  should  say  real  wage  rates,  rose  steadily 
through  that  warming  period  and  reached  a  peak  at  the  warmest 
period,  and  then  declined  sharply  afterwards  and  not  until  the  lat- 
ter part  of  the  20th  Century  have  wage  rates  in  China  equalled 
what  they  were  in  that  earlier  period. 
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That  earlier  period  was  a  period  of  great  artistic  endeavor,  activ- 
ity. Some  of  the  greatest  art  came  out  of  China  at  that  period  of 
time.  It  was  a  very  inventive  period  of  time. 

Trade  flourished.  It  was  the  only  time  the  Chinese  ever  sent  mer- 
chant ships  out  around,  and  they  got  as  far  as  East  Africa. 

It  was  not  just  China  but  the  whole  Southeast  Asia  was  pros- 
perous. There  were  large  sea-going  merchant  empires.  Anchor  Watt 
was  built  at  this  time.  All  sorts  of  temples  were  constructed  all 
around  Asia.  It  was  a  very  thriving  period  of  time. 

In  Europe,  it  was  a  period  that  was  almost  unparalleled  in  Euro- 
pean history.  Up  to  about  1000  A.D.,  the  population  in  Europe  had 
been  stagnant.  People  were  forced  to  live  in  hovels,  and  the  cities 
had  been  depopulated.  There  were  no  people — the  cities  basically 
were  places  where  the  church  had  their  headquarters,  but  there 
was  really  no  economic  activity  going  on. 

Then,  suddenly  around  1000  the  population  started  to  expand. 
Trade  expanded.  During  the  next  300  years,  virtually  every  major 
cathedral  in  Europe  was  started. 

If  you  get  a  French  Michlag  Guide  and  go  around  Europe  and 
look  at  their  three-star  cathedrals,  almost  every  one  of  them  was 
started  during  this  period  of  time.  It  was  an  amazing  building 
boom. 

As  you  know,  one  of  the  things  we  economists  know  is  if  there 
is  a  building  boom  going  on,  times  are  good.  People  are  being  fully 
employed. 

And  the  art  flourished.  Trade  flourished.  It  was  the  time  when 
there  were  great  trade  fairs  in  Europe.  It  was  a  very  extraor- 
dinarily prosperous  time.  There  was  a  time  when  they  were  grow- 
ing grapes  300  miles  north  of  where  they  can  now  grow  them. 

It  was,  as  far  as  I  know,  the  first  example  of  protectionism.  The 
French  tried  to  get  the  British  to  oppress  their  wine  production — 
British  wine  production! 

[Laughter.] 

Mr.  Moore.  Because  it  was  competing  too  much  with  the  French. 
As  you  know,  Brits  do  not  compete  now  in  that  area. 

Scandinavia  flourished.  They  were  growing  crops  much  further 
north  than  they  can  do  now.  In  Greenland — there  are  bodies  buried 
in  Greenland  in  the  permafrost  from  that  period  of  time  where  you 
could  not  bury  a  body  now.  It  was  warm. 

They  were  growing  crops  in  Greenland.  You  cannot  grow  crops 
in  Greenland  today.  It  was  significantly  warmer. 

In  North  America  we  also  had  the  tremendous  benefits.  The 
Anastasi  Indians  built  their  Pueblo  dwellings  during  this  period  of 
time.  When  the  weather  turned  cold  around  near  the  end  of  the 
13th  Century,  they  abandoned  those  Pueblo  dwellings. 

The  American  Indians  were  growing  crops  in  Iowa,  and  in  areas 
where  you  could  not  grow  a  crop  today.  It  was  a  very  prosperous 
period  of  time  for  them. 

So  around  the  world  it  was  a  good  period. 

Now  climate  warming  is  not  going  to  benefit  everybody,  and  cer- 
tainly if  you  get  a  rise  in  the  sea  level  there  are  going  to  be  places 
like  the  Maldive  Islands  which  have  an  average  height  of  some- 
thing like  three  feet  which  are  going  to  be  in  trouble.  Fortunately, 
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there  are  not  many  people  in  the  Maldive  Islands  and  we  can  do 
something  about  that. 

But  at  net,  most  people  will  benefit. 

Now  I  want  to  mention,  because  Dr.  Watson  raised  it,  the  ques- 
tion of  health  effects,  because  that  is  my  recent  research 

Mr.  ROHRABACHER.  If  you  could,  summarize. 

Mr.  Moore.  I  will  summarize. 

First,  on  tropical  diseases.  If  you  get  a  statistical  abstract  and 
look  at  the  back  in  the  international  comparison  statistics,  you  will 
find  that  the  place  that  has  the  longest  life  expectancy  in  the  world 
is  Hong  Kong.  It  is  in  the  tropics.  Singapore  is  virtually  on  the 
Equator.  It  has  a  life  expectancy  equal  to  Western  Europe  or  the 
United  States.  Hawaii  of  course  is  not  known  as  an  unhealthy 
place.  So,  the  tropics.  Warm  weather  does  not  mean  people  die  of 
diseases.  That  is  a  poverty  phenomenon. 

Second,  I  estimate  on  the  basis  of  statistical  analysis,  which  is 
not  through  yet,  but  my  preliminary  numbers  suggest  that  if  we 
get  a  2.5  to  3  centigrade  warming  in  the  United  States,  we  would 
reduce  deaths  in  the  United  States  on  average  by  about  40,000  a 
year.  Thank  you. 

[The  prepared  statement  and  attachments  of  Mr.  Moore  follow:] 


147 

November  3, 1995 

Testimony  of 

Thomas  Gale  Moore 

Senior  Fellow 

Hoover  Insitution 

before 

The  Subcommittee  on  Energy  and  Environment 

Committee  on  Science 

November  16,  1995 

I  am  Thomas  Gale  Moore,  an  economist  and  a  Senior  Fellow  at  the  Hoover 
Institution.  My  research  has  been  on  government  regulation,  focusing  mostly  on 
transportation  issues.  With  the  great  progress  that  Congress  has  been  made  on  reducing 
controls  over  trucking,  airlines,  and  railroads,  I  have  shifted  my  attention  to  the 
economics  of  environmental  regulation.  Recently  I  have  published  two  papers  —  "Why 
Global  Warming  would  be  Good  for  You"  in  The  Public  Interest,  Winter  1995  and 
Global  Warming:  A  Boon  to  Human  and  Other  Animals  —  based  on  historical  evidence 
that  earlier  warm  periods  were  good  for  mankind.  My  current  research  deals  with  health 
effects  and  amenity  benefits  of  a  less  cold  climate. 

If  warming  occurs,  it  is  more  likely  to  bring  net  benefits  than  losses  to  Americans 
and  most  of  the  world.  Warmer  periods  in  the  past  have  brought  benign  weather.  Milder 
temperatures  will  induce  more  evaporation  from  oceans  and  very  likely  more  rainfall  — 
where  it  will  fall  we  cannot  be  sure  but  the  earth  as  a  whole  should  receive  greater 
precipitation.  Meteorologists  now  believe  that  any  rise  in  sea  levels  over  the  next  century 
will  be  at  most  a  foot  or  two,  not  twenty.'  History  shows  that  around  6,000  years  ago  the 
earth  sustained  temperatures  that  were  probably  more  than  four  degrees  Fahrenheit  hotter 
than  those  of  the  twentieth  century,  yet  mankind  flourished.  The  Sahara  desert  bloomed 
with  plants,  and  water  loving  animals  such  as  hippopotamuses  wallowed  in  rivers  and 
lakes.  Dense  forests  carpeted  Europe  from  the  Alps  to  Scandinavia. 

The  evidence  supporting  the  claim  that  the  earth  has  grown  warmer  is  shaky;  the 
theory  is  weak;  and  the  models  on  which  the  conclusions  are  based  cannot  even  replicate 
the  current  climate.  It  is  asserted,  for  example,  that  over  the  last  hundred  years  the 
average  temperature  at  the  earth's  surface  has  gone  up  by  0.5°  Celsius  or  about  1° 
Fahrenheit.  Given  the  paucity  of  data  in  the  Southern  Hemisphere,  the  evidence  that  in 
the  United  States,  with  the  best  recoros,  temperatures  have  failed  to  rise;  the  British  naval 


^Committee  on  Science,  Engineering,  and  Public  Policy  [1991].  Policy  Implications  of  Greenhouse 
Warming,  p.  24;  Environmental  Protection  Agency  The  Probability  of  Sea  Level  Rise  1995. 
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records  that  find  no  significant  change  in  temperatures  at  sea  since  the  mid- 1800s;  and 
that  the  reported  increases  occurred  mainly  prior  to  1940  —  before  the  rapid  rise  in  CO2 
—  the  public  is  entitled  to  be  wary.  Satellite  data  have  also  failed  to  find  any  significant 
increase  in  temperature  since  the  first  readings  in  1979.  Moreover,  even  the  National 
Academy  of  Sciences  is  skeptical  of  the  validity  of  the  computer  models  and  warns  that 
the  modeling  of  clouds  —  a  key  factor  —  is  inadequate  and  poorly  understood.^ 

What  is  well  known  is  that  climate  changes.  The  world  has  shifted  from  periods 
that  were  considerably  warmer  —  during  the  Mesozoic  era  when  the  dinosaurs  thrived 
the  earth  appears  to  have  been  about  18°  Fahrenheit  warmer  than  now  —  to  spells  that 
were  substantially  colder,  such  as  the  Ice  Ages  when  huge  glaciers  submerged  much  of 
the  Northern  Hemisphere.^  During  the  last  interglacial,  about  130,000  years  ago  or  about 
when  modem  man  was  first  exploring  the  globe,  the  average  temperature  in  Europe  was 
at  least  2°  to  5°F  warmer  than  at  present.''  Hippopotamuses,  lions,  rhinoceroses  and 
elephants  roamed  the  English  countryside.  Areas  watered  today  by  the  monsoons  in 
Africa  and  east  Asia  enjoyed  even  more  rainfall  then.  Indeed  during  the  last  12,000  years, 
that  is  since  the  end  of  the  last  glacial  period,  the  globe  has  alternated  between  times 
substantially  warmer  and  epochs  that  were  noticeably  cooler. 

An  examination  of  the  record  of  the  last  twelve  millennia  reveals  that  mankind 
prospered  during  the  warm  periods  and  suffered  during  the  cold  ones.  Transitions  from  a 
warm  to  a  cold  period  or  vice-versa  were  difficult  for  people  who  lived  in  climates  that 
were  adversely  affected  yet  benefited  others  who  inhabited  regions  in  which  the  weather 
improved.  On  average,  however,  humans  gained  during  the  centuries  in  which  the  earth 
enjoyed  higher  temperatures. 

Expected  Effects  of  Global  Warming 

Although  most  of  the  forecasts  of  global  warming's  repercussions  have  been  dire, 
an  examination  of  the  likely  effects  suggests  little  basis  for  that  gloomy  view.  Climate 
affects  principally  agriculture,  forestry,  and  fishing.  Manufacturing,  most  service 
industries,  and  nearly  all  extractive  industries  are  immune  to  climate  shifts.  Factories  can 
be  built  in  northern  Sweden  or  Canada  or  in  Texas,  Central  America,  or  Mexico. 
Banking,  insurance,  medical  services,  retailing,  education  and  a  wide  variety  of  other 
services  can  prosper  as  well  in  warm  climates  (with  air-conditioning)  as  in  cold  (with 
central  heating).  A  few  services,  such  as  transportation  and  tourism,  may  be  more 
susceptible  to  weather.  A  warmer  climate  will  lower  transportation  costs:  less  snow  and 


^Policy  Implications  of  Greenhouse  Warming,  p.  18. 
^Levenson  [1989.]:  25. 
Crowley  &  North  [1991]:  117. 
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ice  will  torment  truckers  and  automobile  drivers;  fewer  winter  storms  —  bad  weather  in 
the  summer  has  less  disruptive  effects  and  is  over  quickly  —  will  disrupt  air  travel;  a 
lower  incidence  of  storms  and  less  fog  will  make  water  transpon  less  risky.  Hotter 
temperatures  will  leave  mining  and  the  extractive  industries  largely  unaffected;  they 
might  even  benefit  oil  drilling  in  the  northern  seas  and  mining  in  the  mountains.  Warmer 
weather  means,  if  anything,  fewer  power  outages  and  less  frequent  interruptions  of  wired 
communications.  A  warmer  climate  could,  however,  change  the  nature  and  location  of 
tourism.  Many  ski  resorts,  for  example,  might  face  less  reliably  cold  weather  and  shorter 
seasons.  Warmer  conditions  would  mean  that  fewer  northerners  would  feel  the  need  to 
vacation  in  Florida  or  the  Caribbean.  On  the  other  hand,  new  tourist  opportunities  might 
develop  in  Alaska,  northern  Canada  and  other  locales  at  higher  latitudes  or  in  upper 
elevations. 

A  rise  in  world-wide  temperatures  will  go  virtually  unnoticed  by  inhabitants  of 
the  advanced  industrial  countries.  In  his  1991  address  to  its  members,  the  President  of  the 
American  Economic  Association  asserted:  "I  conclude  that  in  the  United  States,  and 
probably  Japan,  Western  Europe  and  other  developed  countries,  the  impact  on  economic 
output  [of  global  warming]  will  be  negligible  and  unlikely  to  be  noticed."^  As  modem 
societies  have  developed  a  larger  industrial  base  and  become  more  service  oriented,  they 
have  grown  less  dependent  on  farming,  thus  boosting  their  immunity  to  temperature 
variations. 

Only  if  warmer  weather  caused  more  droughts  or  lowered  agricultural  output 
would  even  Third  World  countries  suffer.  Should  the  world  warm,  the  hotter  temperatures 
would  enhance  evaporation  from  the  seas,  producing  more  clouds  and  very  likely  more 
precipitation  world-wide.  Although  some  areas  might  become  drier,  others  would  become 
wetter.  Judging  from  history.  Western  Europe  would  retain  plentiful  rainfall,  while  North 
Africa  and  the  Sahara  might  gain  moisture.  The  Midwest  of  the  United  States  might 
suffer  from  less  precipitation  and  become  more  suitable  for  cattle  grazing  than  farming. 
On  the  other  hand,  the  Southwest  would  likely  become  wetter  and  better  for  crops. 

A  wanner  climate  would  produce  the  greatest  gain  in  temperatures  at  northern 
latitudes  and  much  less  change  near  the  equator.  Not  only  would  this  foster  a  longer 
growing  season  and  open  up  new  territory  for  farming  but  it  would  mitigate  harsh 
weather.  As  a  result  of  more  evaporation  from  the  oceans,  a  warmer  climate  should 
intensify  cloudiness.  More  cloud  cover  will  moderate  daytime  temperatures  while  acting 
at  night  as  an  insulating  blanket  to  retain  heat.  The  Intergovernmental  Panel  on  Climate 
Change  has  found  exactly  this  pattern  both  for  the  last  40  years,  indeed  for  the  whole  of 


5ScheUing  [1992]:  6. 
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the  twentieth  century.^  For  the  Northern  Hemisphere  in  summer  months,  daytime  high 
temperatures  have  actually  fallen;  but  in  the  fall,  winter  and  spring,  both  the  maximum 
and  especially  the  minimum  temperatures  (nighttime)  have  climbed. 

Warmer  nighttime  temperatures,  particularly  in  the  spring  and  fall,  create  longer 
growing  seasons,  which  should  enhance  agricultural  productivity.  Moreover,  the 
enrichment  of  the  atmosphere  with  CX)2  will  fertilize  plants  and  make  for  more  vigorous 
growth.  Agricultural  economists  studying  the  relationship  of  higher  temperatures  and 
additional  CO2  to  crop  yields  in  Canada,  Australia,  Japan,  northern  Russia,  Finland,  and 
Iceland  found  not  only  that  a  warmer  climate  would  push  up  yields,  but  also  that  the 
added  boost  from  enriched  CO2  would  enhance  output  by  17  percent.'  Researchers  have 
attributed  a  burgeoning  of  forests  in  Europe  to  the  increased  CO2  and  the  fertilizing  effect 
of  nitrogen  oxides.* 

The  United  States  Department  of  Agriculture  in  a  cautious  report  reviewed  the 
likely  influence  of  global  warming  on  crop  production  and  world  food  prices.  The  study, 
which  assumed  that  farmers  fail  to  make  any  adjustment  to  mitigate  the  effects  of 
warmer,  wetter,  or  drier  weather  —  such  as  substituting  new  varieties  or  alternative  crops, 
increasing  or  decreasing  irrigation  —  concludes  that: 

The  overall  effect  on  the  world  and  domestic  economies 
would  be  small  as  reduced  production  in  some  areas  would  be 
balanced  by  gains  in  others,  according  to  an  economic  model  of 
the  effects  of  climate  change  on  world  agricultural  markets.  The 
model  ...  estimates  a  slight  increase  in  world  output  and  a 
decline  in  commodity  prices  under  moderate  climate  change 
conditions.'  [Emphasis  added.] 

Economists  Robert  Mendelsohn,  William  D.  Nordhous,  and  Daigee  Shaw 
researched  the  relationship  of  climate  to  land  values  in  the  United  States,  i''  They 
concluded  that  for  the  lower-48  states,  a  rise  in  average  temperature  of  about  5°F  and  an  8 
percent  increase  in  rainfall  stemming  from  global  warming  would,  depending  on  their 
model,  reduce  the  value  of  output  between  4  and  6  percent  or  boost  the  value  of  output 
slightly.  This  result  ignored  the  boost  of  farm  output  from  increased  CO2. 

Forestry  is  another  sector  that  is  potentially  subject  to  change  due  to  an  increase  in 
world  temperatures.  Canadian  agricultural  economists  have  examined  the  effect  of  a 
doubling  of  CC)2  on  forestry  production.  They  concluded  that  increased  carbon  dioxide 


^Folland  ct  al.  l\992]aimate  Change  1992,  Table  C2.  p.  152. 
''Parry  et  al.  [1988]  as  summarized  in  Kane  [1991]:  7. 
*Kauppi.  et  al.  [1992]:  70-74. 
^Kaneetal.  [1991] 
lOMendelsohn,[1994]:  753-771. 
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would  boost  productivity  by  20  percent  and  that  overall  the  harvest  of  timber  in  Canada 
would  climb  by  about  7.5  percent.'' 

Past  Climate  and  Human  Well-being 

Since  statistics  on  the  human  condition  are  unavailable  except  for  the  most  recent 
centuries,  I  have  used  indirect  methods  to  demonstrate  the  influence  of  climate  on  man's 
well-being.  A  growth  in  the  population,  major  construction  projects,  a  significant 
expansion  in  arts  and  culture,  all  indicate  that  society  is  prosperous.  If  the  population  is 
expanding,  food  must  be  plentiful,  disease  cannot  be  overwhelming,  and  living  standards 
must  be  satisfactory.  In  addition,  if  building,  art,  science,  and  literature  are  vigorous,  the 
civilization  must  be  producing  enough  goods  and  services  to  provide  a  surplus  available 
for  such  activities.  Renaissance  Florence  was  rich;  Shakespeare  flourished  in  prosperous 
London;  wealthy  Vienna  provided  a  welcome  venue  for  Haydn,  Schubert,  Mozart,  and 
Beethoven. 

Clearly  climate  is  far  from  the  only  influence  on  man's  well-being.  Governments 
that  extort  too  much  from  their  people  impoverish  their  countries.  A  free  open  economy 
stimulates  growth  and  prosperity.  War  and  diseases  can  prove  catastrophic.  On  the  other 
hand,  a  change  in  climate  has  frequentiy  been  a  cause  of  war  or  aided  the  spread  of 
disease.  A  shift  to  more  arid  conditions,  for  example,  impelled  the  Mongols  to  desert  their 
traditional  lands  to  invade  richer  areas.  A  cold  wet  climate  can  also  confine  people  to 
close  quarters,  which  can  abet  contagion.  Moreover,  a  shift  towards  a  poorer  climate  can 
lead  to  hunger  and  famine,  which  make  disease  more  virulent. 

The  influence  of  climate  on  human  activities  has  declined  with  the  growth  in 
wealth  and  resources.  Primitive  man  and  hunter-gatherer  tribes  were  at  the  mercy  of  the 
weather,  as  are  societies  which  are  still  almost  totally  bound  to  the  soil.  A  series  of  bad 
years  can  be  devastating.  If,  as  was  the  usual  case  until  very  recently,  transportation  is 
costiy  and  slow,  even  a  regionalized  drought  or  an  excess  of  rain  can  lead  to  disaster, 
although  crops  may  be  plentiful  a  short  distance  away.  Thus  variation  in  the  weather  for 
early  man  had  a  more  profound  influence  on  his  life  and  death  than  do  fluctuations  in 
temperature  or  rainfall  in  modem  times  when  economies  are  more  developed.  Since  the 
time  of  the  Industrial  Revolution,  climate  has  basically  been  confined  to  a  minor  role  in 
human  activity. 

History  since  the  Last  Ice  Age 
The  last  Ice  Age  ended  about  12,000  to  10,000  years  ago  when  tiie  glaciers 
covering  much  of  North  America,  Scandinavia  and  northern  Asia  began  to  retreat  to 


"Van  Kooten  [1990]:  704. 
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approximately  their  current  positions.  In  North  America  the  glacial  covering  lasted  longer 
than  in  Eurasia  because  of  topographic  features  that  delayed  the  warming.  Throughout 
history  warming  and  cooling  in  different  regions  of  the  world  have  not  been  exactly 
correlated  because  of  the  influence  of  oceans,  mountains,  prevailing  winds,  and  numerous 
other  factors.  Nevertheless,  across  the  Nonhem  Hemisphere  large  temperature  shifts  have 
occurred  roughly  together  —  perhaps  in  some  areas  they  have  lagged  other  zones  by  a 
century  or  more. 

Human  progress,  a  few  improvements  in  hunting  tools  and  some  cave  art,  was 
incredibly  slow  during  the  Ice  Age  —  a  period  whose  length  dwarfs  the  centuries  since. 
Over  the  last  12  millennia  of  interglacial  warmth,  however,  modem  man  has  advanced 
rapidly.  The  growth  in  technology  and  living  standards  required  a  climate  that  was  more 
hospitable  than  existed  throughout  that  frozen  period. 

As  the  earth  warmed  with  the  waning  of  the  Ice  Age,  the  sea  level  rose  as  much  as 
300  feet;  hunters  in  Europe  roamed  through  modem  Norway;  agriculture  developed  in  the 
Middle  East.  For  about  3,000  to  4,000  years  the  globe  enjoyed  what  historians  of  climate 
call  the  Climatic  Optimum  period  —  a  time  when  average  worid  temperatures  —  at  least 
in  the  Northern  Hemisphere  —  were  significantly  hotter  than  today,  about  4°  to  5° 
Fahrenheit  warmer  than  the  twentieth  century. ^^  During  the  relatively  short  period  since 
the  end  of  glaciation  the  climate  has  experienced  periods  of  stability  separated  by  "abmpt 
transition. "13  During  the  Mini  Ice  Age,  the  temperature  in  central  England  for  January 
was  about  4.5°F  colder  than  today. '^  In  the  central  and  northem  latitudes  of  Europe 
during  the  warmest  periods,  rainfall  may  have  been  10  to  15  percent  greater  than  now  and 
during  the  coldest  periods  of  the  Mini  Ice  Ages,  5  to  15  percent  less.^^  On  the  other  hand, 
cooler  periods  usually  suffered  from  more  swampy  conditions  because  of  less 
evaporation. 

If  modem  humans  originated  200,000  years  ago,  why  did  they  not  develop 
agriculture  for  the  first  190,000  years?  Even  if  Homo  Sapiens  Sapiens  originated  only 
40,000  years  ago,  people  waited  30,000  years  to  grow  their  first  crops  —  an  innovation 
which  yielded  a  more  reliable  and  ample  food  supply.  Farming  developed  first  in  the 
Middle  East,  right  after  the  end  of  the  last  Ice  Age  —  a  coincidence?  The  evidence 
suggests  that  from  1 1,000  to  9,000  years  ago  the  climate  became  wanner  and  wetter  in 
the  Middle  East  shifting  the  ecology  from  steppe  to  open  woodland.  ^^  This  led  to  the 


l^Lamb  [1968]:  6. 

l^Wendland  &  Bryson  [1974]. 

l^Lamb[1968]:12. 

15Lamb(1988):30. 

'^Ammerman  &  Cavalli-Sforza  [1984]:  28. 
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domestication  of  plants  and  animals,  probably  because  the  wanner,  wetter  weather  made 
farming  possible. 

Although  many  people  view  the  current  world's  huge  population  with  alarm,  most 
ecologists  take  the  size  of  the  population  of  a  species  as  an  indicator  of  its  fitness.  By  this 
criterion,  the  domestication  of  plants  and  animals  improved  greatly  Homo  Sapiens 
fimess.  This  testimony  is  not  the  place  to  discuss  the  capacity  of  the  globe  to  sustain  the 
number  of  people  expected  to  populate  the  world  in  the  next  century,  but  certainly 
anything  that  produced  greater  numbers  of  people  thousands  of  years  ago  must  have  been 
beneficial  for  mankind. 

Over  history  the  number  of  humans  has  been  expanding  at  ever  more  rapid  rates. 
Around  25,000  years  ago,  the  world's  population  may  have  measured  only  about  3 
million.!''  Fifteen  thousand  years  later,  around  10,000  B.C.,  the  total  had  grown  by  one- 
third  to  4  million.  It  took  5,000  more  years  to  jump  one  more  million,  but  in  the  1,000 
years  after  5000  B.C.  it  added  another  million.  Except  for  a  few  disastrous  periods,  the 
number  of  men,  women  and  children  has  mounted  with  increasing  rapidity.  Only  in  the 
last  few  decades  of  the  twentieth  century  has  the  escalation  slowed.  Certainly  there  have 
been  good  times  when  man  did  better  and  poor  times  when  people  suffered  —  although 
in  most  cases  these  were  regional  problems.  However,  as  the  following  chart  shows,  in 
propitious  periods,  that  is,  when  the  climate  was  warm,  the  population  swelled  faster  than 
during  less  clement  eras. 

This  chart  is  based  on  a  paper  by  economist  Michael  Kremer  who  argues  that, 
until  the  Industrial  Revolution,  existing  technology  limited  the  size  of  the  population.!^ 
As  innovators  discovered  new  techniques  and  invented  new  tools,  more  people  could  be 
fed  and  housed  and  the  population  expanded.  Moreover,  the  greater  the  number  of  people, 
the  more  innovations  would  be  hit  upon.  He  assumed  that  every  individual  had  an  equal 
but  very  small  probability  of  uncovering  a  new  technique  or  device  and  that  the 
probability  of  being  an  innovator  was  independent  of  the  size  of  the  population. 
Therefore  the  number  of  inventions  would  be  proportional  to  the  number  of  people.  Thus 
as  the  world  population  expanded  —  slowly  at  first  —  the  rate  of  technological 
innovation  escalated  and  hence  the  rate  of  growth  of  the  population  that  could  be 
sustained.  Only  in  recent  times  has  technological  change  become  so  rapid  that  it  has  run 
ahead  of  population  growth,  leading  to  a  rising  standard  of  living,  which  in  turn  has 
reduced  the  birth  rate. 


I'^Kremer  [1993]:  683. 
l^Kremer  [1993]:  681-716. 
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Kremer's  hypothesis  signifies  that  for  most  of  history  the  rate  of  population 
growth  should  be  proportional  to  the  size  of  the  population.  To  link  his  model  and  data 
with  climate  change,  I  started  with  his  estimate  of  the  world's  people  in  10,000  B.C.  and 
calculated  the  rate  of  growth  of  the  population  over  the  next  5,000  years.  For  each 
subsequent  period,  I  also  computed  the  rate  of  increase  in  numbers  of  people.  Comparing 
these  expected  rates  with  actual  growth  revealed  eras  in  which  the  number  of  humans  has 
expanded  faster  than  predicted  and  periods  during  which  the  world's  people  has  grown 
more  slowly.  The  chart  then  shows  the  centuries  in  which  the  growth  rate  of  the  globe's 
populace  has  exceeded  or  fallen  short  of  the  rate  expected  under  this  simple  model.  As 
can  be  seen,  warm  periods  have  done  considerably  better  than  cold  periods  in  terms  of 
human  expansion.  The  warmest  period  since  the  end  of  the  last  Ice  Age  produced  the 
highest  rate  of  population  growth  compared  to  what  would  have  been  expected  —  in  this 
era  agriculture  was  spreading.  Moreover,  the  Mini  Ice  Age,  which  saw  the  coldest 
temperatures  in  the  last  10,000  years,  underwent  the  slowest  relative  population 
expansion.  This  chart  demonstrates  that  mankind  has  prospered  in  warm  periods  and  the 
hotter  the  better! 

Another  measure  of  the  well-being  of  humans  is  how  long  they  live.  The  life  of 
the  hunter-gatherer  was  not  as  rosy  as  some  have  contended.  Life  was  short  —  skeleton 
remains  from  before  8000  B.C.  show  that  the  average  age  of  death  for  men  was  about  33 
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and  that  of  women  28.''  Death  for  men  was  frequently  violent,  while  many  women  must 
have  died  in  childbirth.  Since  women  died  so  young,  they  had  only  around  thirteen  years 
in  which  to  bear  children.  Anthropologists  have  estimated  that  on  average  they  could 
have  given  birth  to  less  than  five  live  babies,  assuming  that  they  bore  a  child  every  22 
months.20  An  infant  and  childhood  mortality  rate  of  about  60  percent  would  have  kept  the 
population  stagnant. 

Table  1  below  shows  some  relevant  data.  The  warmest  periods,  the  Neolithic, 
Bronze  Ages  and  England  in  the  thirteenth  centuries  enjoyed  the  longest  life  spans  of  the 
entire  record.  The  shortening  of  lives  from  the  late  thirteenth  to  the  late  fourteenth 
centuries  with  the  advent  of  much  cooler  weather  is  particularly  notable.  Moreover,  the 
rise  in  life  expectancies  during  the  warm  period  could  easily  explain  the  population 
explosion  that  took  place  during  that  period. 

Good  childhood  nutrition  is  reflected  in  taller  adults.  Skeleton  remains  collected 
over  wide  areas  of  Eurasia  from  the  period  when  roving  bands  shifted  from  eating  large 
animals  and  a  few  plants  to  smaller  prey  and  a  much  wider  variety  of  foods  attest  to  a 
decline  in  height  for  both  men  and  women  of  about  five  centimeters  (two  inches).^'  The 
shorter  stature  came  at  the  end  of  the  Ice  Age  when  large  animals  were  disappearing. 
Some  archaeologists  have  found  that  average  age  of  death  for  adults  also  declined  during 
this  transitionary  period.22  Studies  of  bone  chemistry  from  Middle  Eastern  skeletons 
indicate  a  reduction  in  meat  consumption.  The  new  diet  although  more  dependent  on 
grains,  fhiits,  and  vegetables  must  have  been  less  nutritious  than  the  old.  As  large  game 
animals  disappeared  with  the  end  of  the  Ice  Age,  humans  widened  the  variety  of  plants  in 
their  diet,  increasingly  consuming  vegetable  matter  that  they  had  ignored  for  thousands  of 
years  either  because  it  was  less 

nutritious,  more  difficult  to  secure  Table  1 

and  process,  or  less  tasty.  Table  1  ^ife  Expectancy  at  Various  Periods 

on  heights,  however,  signifies  that 
food  was  more  plentiful  and  better 
during  the  medieval  Period  than 
during  the  mini  Ice  Age. 


l^Boserup  [1981]:  36-37. 
20Boserup  [1981]:  38. 
21Cohen  [1989]:  112. 
22cohen  [1989]:  113. 
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Table  2 
Average  Height  of  Icelandic  Males 


Period  (A.D.) 


Mean  Height 


Medieval  Warmth 


874-1100 


68" 


Mini  Ice  Age 


1650-1800 


66" 


Modern  World 


1952-1954 


70" 


In  sumnnary,  the  evidence 
overwhelmingly  supports  the  proposition 
that  during  warm  periods,  humai£~ 
prospered.  They  multiplied  more  rapidl; " 
they  lived  longer,  and  they  apparently  wei  r 
healthier.  We  now  turn  to  a  closer 
examination  of  the  two  major  warm  epochs  r 

The  First  Climatic  Optimum         ~ 

Around  9,000  to  5,000  years  ago  thf 

earth  was  much  warmer  than  today;  perhaps 

Source:  Lamb  [1977]:  264  from  Bergthorsson  [1962]. 
4°F  hotter,  about  the  average  of  the  various 

predictions  for  global  warming  after  a  doubling  of  002.^^  Although  the  climate  cooled  a 

bit  after  3000  B.C.,  it  stayed  relatively  warmer  than  the  modem  world  until  sometime 

after  1000  B.C.,  when  chilly  temperatures  became  more  common.  During  this  Climatic 

Optimum  epoch,  Europe  enjoyed  mild  winters  and  warm  summers  with  a  storm  belt  far  to 

the  north.  Not  only  was  the  country  less  subject  to  severe  storms,  but  the  skies  were  less 

cloudy  and  the  days  sunnier. 

Notwithstanding  the  less  stormy  weather,  rainfall  was  more  than  adequate  to 
produce  widespread  forests.  Western  Europe,  including  parts  of  Iceland  and  the 
Highlands  of  Scotland,  was  mantled  by  great  woods.^'*  The  timber,  until  average 
temperatures  dipped  temporarily  for  about  400  years  between  3,500  B.C.  and  3,000  B.C., 
consisted  of  warmth-demanding  trees,  such  as  elms  and  linden  in  North  America  and  oak 
and  hazel  in  Europe.  Not  only  did  Europe  enjoy  a  benign  climate  with  adequate  rainfall, 
but  the  Mediterranean  littoral,  including  the  Middle  East,  apparently  received 
considerably  more  moisture  than  it  does  today.^  The  Indian  subcontinent  and  China  were 
also  much  wetter  during  this  Optimal  period.^* 

Compared  to  cooler  periods  in  the  last  few  thousand  years,  the  Sahara  was  much 
wetter  and  more  fertile  during  the  Climatic  Optimum.^'  Cave  paintings  from  the  epoch 
depict  hippopotamuses,  elephants,  crocodiles,  antelopes  and  even  canoes.^*  The  water 
level  in  Lake  Chad  about  14°  north  of  die  equator  in  central  Africa  was  some  30  to  40 
meters,  that  is,  90  to  125  feet  higher,  than  it  is  today,  indicating  much  greater 

23Lamb  (1988):  22. 
24Giles.  [1990]:  133. 
25ciaibome  [1970]:  324. 
26Lamb  [1982]:  120. 
27Lamb[1988]:21. 
28Giles  [1982]:  115-116. 
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precipitation.  Ruins  of  ancient  irrigation  channels  in  Arabia,  probably  from  the  warmest 
millennia,  derived  their  water  from  sources  well  above  current  water  supplies,  indicating 
a  wetter  climate.29  With  the  cooling  that  started  after  3000  B.C.,  North  Africa  dried  up 
and  the  abundance  of  life  disappeared. 

As  already  mentioned,  the  invention  of  agriculture  coincided  with  the  end  of  the 
last  Ice  Age  and  the  melting  of  the  glaciers.  Archaeologists  have  found  the  earliest 
evidence  for  husbandry  and  farming  in  Mesopotamia  around  9000  B.C.^*'  The 
domestication  of  plants  appears  to  have  occurred  around  the  world  at  about  the  same 
time:  from  10,000  YBP  to  7,500  YBP.'^  Planting  of  wheat  and  barley  began  in  southwest 
Asia  between  8000  B.C.  and  7000  B.C.  Food  production  in  China  extends  back  at  least 
into  the  sixth  millennium  B.C.  In  the  Americas  domestication  of  some  grains  and  chili 
peppers  dates  from  between  7000  B.C.  and  6000  B.C.;  anthropologists  have  documented 
maize  in  the  Tehuacan  Valley  by  5700  B.C.  and  production  may  have  started  earlier.  In 
South  America  the  evidence  suggests  that  domestication  of  two  species  of  beans  and  chili 
pepper  as  well  in  the  Andean  highlands  arose  8,500  years  ago.  Domestication  of  cattle 
occurred  in  the  Sahara  about  8,000  years  before  the  present.^^ 

The  development  of  agriculture  and  the  establishment  of  fixed  communities  led  to 
a  population  explosion  and  the  founding  of  cities.  Agricultural  societies  produce  enough 
surplus  to  support  such  urban  developments,  including  the  evolution  of  trades  and  new 
occupations.  A  large  community  could  afford  to  have  specialists  who  made  farm  tools, 
crafted  pots,  and  traded  within  the  village  and  between  the  locals  and  outsiders.  The 
people  in  today's  Palestine  established  the  first  known  city,  Jericho,  and  thus  the  first  step 
towards  specialization  —  which  lies  at  the  heart  of  economic  advancement  —  around 
8000  B.C.33 

In  Europe,  the  Optimum  period  produced  an  expansion  of  civilization  with  the 
construction  of  cities  and  a  technological  revolution.  The  Bronze  Age  replaced  the  New 
Stone  Age.^  The  more  benign  climate  with  less  severe  storms  encouraged  travel  by  sea. 
Trade  flourished  during  this  warm  period.  People  from  ancient  Denmark  shipped  amber 
along  the  Adantic  coast  to  the  Mediterranean.  As  early  as  2000  B.C.,  the  Celts  apparently 
were  sailing  from  Cornwall  and  Brittany  to  both  Scandinavia  and  southern  Italy. 
Astrological  monuments  built  around  this  time,  such  as  Stonehenge,  indicate  that  the 


29Lamb  [1977]:  270. 

^Ociaibome  [1970]:  243. 

^lAmmerman  &  Cavalli-Sforze  [1984]:  16. 

32Ammennan  &  Cavalli-Sforza  [1984]:  14-16. 

33Lamb  [1977]:  256. 
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skies  were  less  cloudy  than  now.35  With  the  glaciers  in  the  Alps  during  the  late  Bronze 
Age  being  only  about  20  percent  of  the  size  of  the  ice  in  the  nineteenth  century, 
merchants  made  their  way  through  the  Brenner  Pass,  the  dominant  link  between  northern 
and  southern  Europe.  Northern  Europeans  exchanged  tin  for  manufactured  bronze  from 
the  south.  Alpine  people  mined  gold  and  traded  it  for  goods  crafted  around  the 
Mediterranean. 

Prior  to  around  2500  to  1750  B.C.,  northwestern  India,  which  is  now  very  dry, 
enjoyed  greater  rainfall  than  it  docs  in  the  twentieth  century.36  in  the  Indus  Valley,  the 
Harappas  created  a  thriving  civilization  that  reached  its  apogee  during  the  warmest  and 
wettest  periods,  when  their  farmers  were  growing  cereals  in  what  is  now  a  desert.^^  The 
area  was  well  watered  with  many  lakes.  This  civilization  disappeared  around  1500  B.C.  at 
a  time  when  the  climate  became  distinctly  drier.^* 

Virtually  all  change  can  make  some  worse  off  and  the  warming  after  the  last  Ice 
Age  is  no  exception.  As  the  ice  sheets  melted,  the  sea  level  rose  sharply  and  probably 
peaked  around  2000  B.C.^^  Although  as  the  population  explosion  indicates  most  humans 
benefited,  the  growing  warmth  harmed  some  people,  especially  those  who  lived  near  the 
coast  or  who  had  earned  their  living  hunting  large  animals.  During  the  many  centuries  in 
which  the  waters  mounted,  storms  often  led  to  ocean  flooding  of  coastal  communities. 

Cooler,  More  Varied,  and  Stormy  Times 

From  the  end  of  the  Optimum  period  of  sustained  warmth  until  around  800  A.D.  to 
900  A.D.,  what  we  know  of  the  world's  climate  and,  in  particular,  the  European  varied 
between  periods  of  warmth  and  cold.  Based  on  the  height  of  the  upper  tree  lines  in  middle 
latitudes'  mountains,  the  temperature  record  following  the  peak  warm  period  around  5000 
B.C.  demonstrates  a  more  or  less  steady  decline  right  up  to  the  20th  century.^  Tree  ring 
data  for  New  Zealand  indicate  that  after  temperatures  reached  a  maximum  around  6000  to 
8000  B.C.,  the  climate  subsequently  cooled  in  that  part  of  the  world. 

After  1000  B.C.  the  climate  in  Europe  and  the  Mediterranean  cooled  sharply  and 
by  500  B.C.  had  reached  modem  average  temperatures.'*'  The  period  from  500  B.C.  to 
600  A.D.  was  one  of  varied  warmth,  although  cooler  on  average  than  the  previous  4,500 
years.  However,  the  climate  became  more  clement  and  somewhat  more  stable  from  100 


35Lainb  [1977]:  254. 
36Lainb  [1977]:  251. 
37Lamb  [1977]:  389. 
38ciaibonie  [1970]:  295. 
39Lamb  [1977]:  note  1.  p.  257. 
^^'Lamb  [1982]:  Fig.  43.  p.  118. 
^iLamb  [1988]:  22. 
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B.C.  to  400  A.D.,  the  period  of  the  Roman  Empire.^^  xhe  Italians  grew  grapes  and  olives 
farther  north  than  they  had  prior  to  this  period.  During  these  centuries  of  varied  weather. 
Classical  Greece  flourished  and  then  declined;  the  Roman  Empire  spread  its  authority 
through  much  of  what  is  now  Europe,  the  Middle  East  and  North  Africa,  only  to  be 
overrun  by  barbarians  from  central  Asia  whose  eruption  out  of  their  homeland  may  have 
been  brought  on  by  a  change  in  the  climate. 

After  550  A.D.  until  around  800,  Europe  suffered  through  a  colder,  wetter,  and 
more  stormy  period.  As  the  weather  became  wetter,  peat  bogs  formed  in  northern  areas.''^ 
The  population  abandoned  many  lakeside  dwellings  while  mountain  passes  became 
choked  with  ice  and  snow,  making  transportation  between  northern  Europe  and  the  south 
difficult.  The  Mediterranean  littoral  and  North  Africa  dried  up,  although  they  remained 
moister  than  now. 

Inhabitants  of  the  British  Isles  between  the  seventh  and  the  ninth  centuries  were 
often  crippled  with  arthritis  while  their  predecessors  during  the  warmer  Bronze  Age 
period  suffered  little  from  such  an  affliction.  Although  some  archaeologists  have 
attributed  the  difficulties  of  the  dark  age  people  to  harder  work,  the  cold  wet  climate 
between  600  and  1000  A.D.  probably  fostered  such  ailments.'^ 

The  High  Middle  Ages  and  Medieval  Warmth 
From  around  800  A.D.  to  1200  or  1300,  the  globe  warmed  considerably  and 
civilization  prospered.  This  Little  Climate  Optimum  generally  displays,  although  less 
distinctly,  many  of  the  same  characteristics  as  the  first  climate  optimum.^^  Virtually  all  of 
northern  Europe,  the  British  Isles,  Scandinavia,  Greenland,  and  Iceland  were  considerably 
warmer  than  at  present.  The  Mediterranean,  the  Near  East,  and  North  Africa,  including 
the  Sahara,  received  more  rainfall  than  they  do  today .^^  North  America  enjoyed  better 
weather  during  most  of  this  period.  China  during  the  early  part  of  this  epoch  experienced 
higher  temperatures  and  a  more  clement  climate.  From  Western  Europe  to  China,  East 
Asia,  India,  and  the  Americas,  mankind  flourished  as  never  before. 

The  timing  of  the  medieval  warm  spell,  which  lasted  no  more  than  300  years,  was 
not  synchronous  around  the  globe.  For  much  of  North  America,  for  Greenland  and  in 
Russia,  the  climate  was  warmer  between  950  and  1200.^^  The  warmest  period  in  Europe 
appears  to  have  been  later,  roughly  between  1 150  and  1300,  although  parts  of  the  tenth 
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"♦^Lamb  [1977]:  261. 
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century  were  quite  wami.  Evidence  from  New  Zealand  indicates  peak  temperatures  from 
1200  to  1400.  Data  on  the  Far  East  is  meager  but  mixed.  Judging  from  the  number  of 
severe  winters  reported  by  century  in  China,  the  climate  was  somewhat  wanner  than 
normal  in  the  ninth,  tenth,  and  eleventh  centuries,  cold  in  the  twelfth  and  thirteenth  and 
very  cold  in  the  fourteenth.  Chinese  scholar  Chu  Ko-chen  reports  that  the  eighth  and 
ninth  centuries  were  warmer  and  received  more  rainfall,  but  that  the  climate  deteriorated 
significantly  in  the  twelfth  century .'•^  He  found  records,  however,  that  show  that  the  first 
half  of  the  thirteenth  century  was  quite  clement  and  very  cold  weather  returned  in  the 
fourteenth  century.^'  The  evidence  for  Japan  is  based  on  records  of  the  average  April  day 
on  which  the  cherry  trees  bloomed  in  the  royal  gardens  in  Kyoto.  From  this  record,  the 
tenth  century  springs  were  wanner  than  normal;  in  the  eleventh  century  they  were  cooler, 
the  twelfth  century  experienced  the  latest  springs;  the  thirteenth  century  was  average  and 
then  the  fourteenth  was  again  colder  than  normal.^O  This  record  suggests  that  the  Litde 
Climate  Optimum  began  in  Asia  in  the  eighth  or  ninth  centuries  and  continued  into  the 
eleventh.  The  warm  climate  moved  west,  reaching  Russia  and  central  Asia  in  the  tenth 
through  the  eleventh,  and  Europe  from  the  twelfth  to  the  fourteenth.  Some  climatologists 
have  theorized  that  the  Mini  Ice  Age  also  started  in  the  Far  East  in  the  twelfth  century  and 
spread  westward  reaching  Europe  in  the  fourteenth.^^ 

Europe 

The  warm  period  coincided  with  an  upsurge  of  population  almost  everywhere,  but 
the  best  data  are  for  Europe.  For  centuries  during  the  cold  damp  "dark  ages"  the 
population  of  Europe  had  been  relatively  stagnant.  Towns  shrank  to  a  few  houses 
clustered  behind  city  walls.  Although  we  lack  census  figures,  the  numbers  from  Western 
Europe  after  the  climate  improved  show  that  cities  grew  in  size;  new  towns  were 
founded;  and  colonists  moved  into  relatively  unpopulated  areas. 

The  change  in  the  climate  from  a  cold,  wet  one  to  a  warm,  drier  climate  —  it  had 
more  rainfall,  but  more  evaporation  reduced  bogs  and  marshy  areas  —  must  have  played 
a  significant  role.  In  the  eighth  through  the  eleventh  centuries,  most  people  spent 
considerable  time  in  dank  hovels  avoiding  the  inclement  weather.  These  conditions  were 
ripe  for  the  spread  of  disease.  Tuberculosis,  malaria,  influenza,  and  pneumonia 
undoubtedly  took  many  small  children  and  the  elderly  —  those  over  30. 
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With  a  more  pleasant  climate  people  spent  longer  periods  outdoors;  food  supplies 
were  more  reliable.  Even  the  homes  of  the  peasants  would  have  become  wanner  and  less 
damp.  The  draining  or  drying  up  of  marshes  and  wetlands  reduced  the  breeding  grounds 
for  mosquitoes  that  brought  malaria.  In  all  the  infant  and  childhood  mortality  rate  must 
have  fallen  spawning  an  explosion  in  population. 

The  warmth  of  the  Little  Climate  Optimum  made  territory  farther  north  cultivable. 
In  Scandinavia,  Iceland,  Scotland,  and  the  high  country  of  England  and  Wales,  farming 
became  common  in  regions  which  neither  before  nor  since  have  yielded  crops  reliably.  In 
Iceland,  oats  and  barley  were  cultivated.  In  Norway,  farmers  were  planting  further  north 
and  higher  up  hillsides  than  at  any  time  for  centuries.  Greenland  was  4°  to  7°F  warmer 
than  at  present  and  settlers  could  bury  their  dead  in  ground  which  is  now  permanently 
frozen.  Scotland  flourished  during  this  warm  period  with  increased  prosperity  and 
construction. 52  Greater  crop  production  meant  that  more  people  could  be  fed,  and  the 
population  of  Scandinavia  exploded.^^ 

Farmers  and  peasants  in  medieval  England  launched  a  thriving  wine  industry 
south  of  Manchester.  Good  wines  demand  warm  springs  free  of  frosts,  substantial 
summer  warmth  and  sunshine  without  too  much  rain,  and  sunny  days  in  the  fall.  Winters 
cannot  be  too  cold  —  not  below  zero  Fahrenheit  for  any  significant  period.  The  northern 
limit  for  grapes  during  the  Middle  Ages  was  about  300  miles  above  the  current 
commercial  wine  areas  in  France  and  Germany.  These  wines  were  not  simply  marginal 
supplies,  but  of  sufficient  quality  and  quantity  that,  after  the  Norman  conquest,  the 
French  monarchy  tried  to  prohibit  British  wine  production.54 

The  rapid  growth  in  numbers  in  turn  propelled  and  sustained  the  Viking 
explorations  and  led  to  the  foundation  of  colonies  in  Iceland  and  Greenland.  In  addition 
to  the  land  north  of  the  Alps,  the  warm  rainier  climate  benefited  southern  Europe, 
especially  Greece,  Sicily  and  southern  Italy.  All  of  the  Mezzogiorno  in  the  Middle  Ages 
did  well.  55 

In  the  West,  Charlemagne,  creator  of  the  Holy  Roman  Empire,  may  have 
inaugurated  the  era  of  the  High  Middle  Ages  while  Dante,  writing  The  Divine  Comedy, 
may  have  closed  it.  In  A  History  of  Knowledge,  Charles  Van  Doren  contended  that:  "the 
...  three  centuries,  from  about  1000  to  about  1300,  became  one  of  the  most  optimistic, 
prosperous,  and  progressive  periods  in  European  history. "^^  All  across  Europe,  the 
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population  went  on  an  unparalleled  building  spree  erecting  at  huge  cost  spectacular 
cathedrals  and  public  edifices.  Byzantine  churches  gave  way  to  Romanesque,  to  be 
replaced  in  the  twelfth  century  by  Gothic  cathedrals.  Virtually  all  the  magnificent 
religious  edifices  that  we  visit  in  awe  today  were  started  by  the  optimistic  populations  of 
the  eleventh  through  the  thirteenth  centuries,  although  many  were  not  finished  for 
centuries.  In  southern  Spain,  the  Moors  laid  the  cornerstone  in  1248  for  perhaps  the 
world's  most  beautiful  fortress,  the  Alhambra. 

Economic  activity  blossomed  throughout  the  continent.  Banking,  insurance,  and 
finance  developed;  a  money  economy  became  well  established;  manufacturing  of  textiles 
expanded  to  levels  never  seen  before.  Farmers  were  clearing  forests,  draining  swamps 
and  expanding  food  production  to  new  areas.^^  Starting  in  the  eleventh  century  European 
traders  developed  great  fairs  that  brought  together  merchants  from  all  over  Europe.  At 
their  peak  in  the  thirteenth  century  they  were  located  on  all  the  main  trade  routes  and 
served  not  only  to  facilitate  the  buying  and  selling  of  all  types  of  goods  but  also 
functioned  as  major  money  markets  and  clearing  houses  for  fmancial  transactions. 

During  the  High  Middle  Ages,  technology  grew  rapidly.  New  techniques 
expanded  the  use  of  the  water  mill,  the  windmill,  and  coal  for  energy  and  heat.  Sailing 
improved  through  the  invention  of  the  lateen  sail,  the  stem  post  rudder  and  the  compass. 
Governments  constructed  roads  and  contractors  developed  new  techniques  for  use  of 
stone  in  construction.  New  iron  casting  techniques  led  to  better  tools  and  weapons.  The 
textile  industry  began  employing  wool,  linen,  cotton,  and  silk  and,  in  the  thirteenth 
century,  developed  the  spinning  wheel.  Soap,  an  essential  for  hygiene,  came  into  use  in 
the  twelfth  century.  Mining,  which  had  declined  since  the  Romans,  at  least  partly  because 
the  cold  and  snow  made  access  to  mountain  areas  difficult,  revived  after  the  tenth 
century. 

The  Arctic 

From  the  ninth  through  the  thirteenth  centuries  agriculture  spread  into  northern 
Europe  and  Russia  where  it  had  been  too  cold  to  produce  food  before.  In  the  Far  East, 
Chinese  and  Japanese  farmers  migrated  north  into  Manchuria,  the  Amur  Valley  and 
northern  Japan.^*  As  mentioned  above,  the  Vikings  founded  colonies  in  Iceland  and 
Greenland,  a  region  that  may  have  been  more  green  than  historians  have  claimed.  It  was 
also  during  this  period  that  Scandinavian  seafarers  discovered  "Vinland"  —  somewhere 
along  the  East  Coast  of  North  America.  Viking  explorers  were  venturing  into  Greenland, 
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Vinland,  and  even  the  Canadian  Arctic.  Scandinavian  sailors  found  Iceland  in  860, 
Greenland  around  930,  and  reached  the  shores  of  North  America  by  986.59  gy  the  turn  of 
the  millennium,  when  the  waters  south-west  of  Greenland  may  have  been  at  least  7°F 
warmers  than  now,  Vikings  were  regularly  visiting  Vinland  for  timber. 60  At  the  height  of 
the  warm  period,  Greenlanders  were  growing  com  and  a  few  cultivated  grain. 

The  Far  East 

As  noted  above,  the  warming  in  the  Far  East  seems  to  have  preceded  that  in 
Europe  by  about  two  centuries.  Chinese  Economist  Kang  Chao  has  studied  the  economic 
performance  of  China  since  200  B.C.  In  his  careful  investigation,  he  discovers  that  real 
earnings  rose  from  the  Han  period  (206  B.C.  to  220  A.D.)  to  a  peak  during  the  Northern 
Sung  Dynasty  (961  A.D.  to  1 127).*'  This  coincides  with  other  evidence  of  longer  growing 
seasons  and  a  warmer  climate.  Chao  reports  that  the  number  of  major  floods  averaged 
fewer  than  4  per  century  in  the  warm  period  of  the  ninth  through  the  eleventh  centuries 
while  the  average  number  was  more  than  double  that  figure  in  the  fourteenth  through  the 
seventeenth  centuries  of  the  Mini  Ice  Age.*^  Not  only  floods  but  droughts  were  less 
common  during  the  warm  period.  The  era  of  benign  climate  sustained  about  3  major 
droughts  per  century,  while  during  the  later  cold  period,  China  suffered  from  almost  13 
each  hundred  years. 

The  wealth  of  this  period  gave  rise  to  a  great  flowering  of  art,  writing,  and 
science.  The  Little  Climate  Optimum  witnessed  the  highest  rate  of  technological  advance 
in  Chinese  history.  During  the  300  years  of  the  Sung  Dynasty,  farmers  invented  35  major 
farm  implements  —  that  is,  over  1 1  per  century,  a  significantly  higher  rate  of  invention 
than  in  any  other  era.*^  In  the  middle  of  the  eleventh  century,  the  Chinese  invented 
movable  type  employing  clay  pieces.*''  During  the  Northern  Sung  Dynasty  Chinese 
landscape  painting  with  its  exquisite  detail  and  color  reached  a  peak  never  again 
matched.*^ 

Over  the  four  hundred  years  between  800  A.D.  and  12(X),  the  peoples  of  South 
Asia  prospered  as  well.  Society  was  rich  enough  to  produce  colossal  and  impressive 
temples,  beautiful  sculpture,  elaborate  carvings,  many  of  which  survive  to  this  day.**  In 
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India,  the  Lingaraja  Temple,  one  of  the  finest  Hindu  shrines,  as  well  as  the  Shiva  Temple 
date  from  this  period.^^  Seafaring  empires  existed  in  Java  and  Sumatra,  which  reached  its 
height  around  1180.  Ninth  century  Java  erected  the  vast  stupa  of  Borobudur;  other 
temples  —  the  Medut,  Pawon,  Kelasan  and  Prambanan  —  originate  in  this  era.  In  the 
early  twelfth  century,  the  predecessors  of  the  Cambodians,  the  Khmers,  built  the 
magnificent  temple  of  Angkor  Wat.^*  In  the  eleventh  century  Burmese  civilization 
reached  a  pinnacle.  In  or  around  its  capital.  Pagan,  between  931  and  1284,  succeeding 
kings  competed  in  constructing  vast  numbers  of  sacred  monuments  and  even  a  library.^' 
Today  the  area  is  a  dusty  plain  littered  with  the  crumbling  remains  of  about  13,000 
temples  and  pagodas,  built  in  a  more  hospitable  era. 

The  Americas 

Starting  around  800  to  900  A.D.,  the  indigenous  peoples  of  North  America 
extended  their  agriculture  northward  up  the  Mississippi,  Missouri,  and  Illinois  river 
basins.  By  1000  they  were  farming  in  southwestern  and  western  Wisconsin  and  eastern 
Minnesota.^0  xhey  grew  com  in  northwestern  Iowa  prior  to  1200  in  an  area  which  is  now 
marginal  for  rainfall.''^  Indian  settlements  on  the  northern  plains  of  Iowa  were  abandoned 
with  colder  drier  weather  that  set  in  after  1150  to  1200.  After  that  time,  the  natives 
substituted  bison  hunting  for  growing  crops.  In  general  the  land  east  of  the  Rocky 
Mountains  enjoyed  wetter  conditions  from  700  to  1200  and  then  turned  drier  as  it 
experienced  greater  intrusions  of  colder  Arctic  weather.  In  the  Southwest,  which  received 
more  rainfall  during  the  warm  period,  the  Anasazi  civilization  of  Mesa  Verde  flourished 
until  the  climate  cooled  and  became  drier  near  the  end  of  the  thirteenth  century.. 

The  Mini  Ice  Age 

The  Little  Ice  Age  is  even  less  well  defined  than  the  medieval  warm  period. 
Climatologists  are  generally  agreed  that,  at  least  for  Europe,  North  America,  New 
Zealand  and  Greenland,  temperatures  fell  after  1300  to  around  1800  or  1850,  although 
with  many  ups  and  downs.  Temperatures  may  have  dipped  by  as  much  as  9°F  in  the  two 
hundred  years  from  1200  to  1400,  a  drop  of  about  the  same  magnitude  as  the  maximum 
rise  forecast  from  a  doubling  of  C02.  There  was  a  cold  period  in  the  first  decade  of  the 
fourteenth  century,  another  around  1430  and  again  in  1560.  The  worst  period  for  most  of 


*^'Cainuh  [1993]:  151. 
^Langer  [1968]:  372. 
69Dcland  [1987]:  9. 29-32. 
''OLamb  [1977]:  249. 
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the  world  CKCurred  between  1550  and  1700.^  These  frigid  times  did  bring  hardships,  and 
as  the  chart  shows  world  population  growth  slowed.  For  much  of  these  centuries,  famine 
and  disease  stalked  Europe  and  Asia. 

The  cold  during  this  period  produced  some  of  the  greatest  windstorms  ever 
recorded  in  Europe.  A  terrible  tempest  destroyed  the  Spanish  Armada  in  1588.  Fierce 
gales  wracked  Europe  in  December  1703  and  on  Christmas  Day  1717.^^  The  contrast 
between  the  cold  northern  temperatures  which  moved  south  and  the  warm  subtropical 
Atlantic  undoubtedly  generated  a  fierce  jet  stream.  Although  we  lack  any  information, 
this  may  also,  have  enhanced  tornado  activity  on  the  plains  of  the  United  StatesJ^ 

The  deteriorating  climate  in  Europe  was  heralded  by  harvest  failure  in  the  last 
quarter  of  the  thirteenth  century.  One  of  the  first  severe  bouts  of  cold  wet  weather 
afflicted  Europe  from  1310  to  1319,  leading  to  large  scale  crop  failures.^5  Harvest 
deficits  and  hunger  preceded  the  Black  Death  by  40  years.^^  Scanty  food  output 
contributed  to  a  decline  in  population  which  was  aggravated  by  disease.  People  poorly 
nourished  were  quickly  carried  off  by  disease.  The  unpleasant  weather  is  likely  to  have 
confined  people  to  their  homes  where  they  were  more  likely  to  be  exposed  to  the  fleas 
that  carried  the  bubonic  plague.  In  addition  the  inclement  weather  may  have  induced  rats 
to  take  shelter  in  human  buildings,  exposing  their  inhabitants  to  the  bacillus. 

The  poorer  climate  in  Europe  after  the  thirteenth  century  brought  a  halt  to  the 
economic  boom  of  the  High  Middle  Ages.  Innovation  slowed  sharply.^^  Except  for 
military  advances,  technological  improvements  ceased  for  the  next  150  years.  Population 
growth  not  only  ended  but,  with  starvation  and  the  black  death,  fell.  The  economic  slump 
of  1337  brought  on  the  collapse  of  the  great  Italian  bank,  Scali,  leading  to  one  of  the  first 
recorded  major  financial  crises.^^  Construction  on  churches  and  cathedrals  halted. 

The  cold  had  devastating  effects  elsewhere  in  the  world.  In  China,  frosts  killed  the 
orange  trees  in  Kiangsi  province  between  1646  and  1676.^^  Per  capita  incomes  fell  as 
food  prices  rose.  As  already  mentioned,  cooler  weather  brought  an  end  to  the  Anastazi 
Indian  pueblo  culture,  as  well  as  ending  native  American  farming  in  the  upper  middle 
west 


"^^Lamb  [1977]:  463. 
73Lainb  [1988]:  158. 
■^^Lamb  [1977]:  467. 
■'SLamb  [1977]:  454. 
76Lainb  [1977]:  266. 
77Gimpel  [1983]:  150. 
'^^Gimpel  [1983]:  151. 
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Costs  and  Benefits  of  Efforts  to  Mitigate  Warming 

If  mankind  had  to  choose  between  a  warmer  or  a  cooler  climate,  humans,  most 
other  animals  and,  after  adjustment,  most  plants  would  be  better  off  with  higher 
temperatures.  Not  all  animals  or  plants  would  prosper  under  these  conditions;  many  are 
adapted  to  the  current  weather  and  might  have  difficulty  making  the  transition.  Society 
might  wish  to  help  natural  systems  and  various  species  adapt  to  warmer  temperatures  (or 
cooler,  should  that  occur).  Whether  the  climate  will  warm  is  far  from  certain;  that  it  will 
change  is  unquestionable.  The  weather  has  changed  in  the  past  and  will  no  doubt  continue 
to  vary  in  the  future.  Human  activity  is  likely  to  play  only  a  small  and  uncertain  role  in 
climate  change.  The  burning  of  fossil  fuel  may  generate  an  enhanced  greenhouse  effect  or 
the  release  into  the  atmosphere  of  particulates  may  cause  cooling.  It  may  also  be  simply 
hubris  to  believe  that  Homo  Sapiens  can  affect  significantly  temperatures,  rainfall  and 
winds. 

As  noted,  not  all  regions  or  all  peoples  benefit  from  a  shift  to  a  warmer  climate. 
Some  locales  may  become  too  dry  or  too  wet;  others  may  become  too  warm.  Certain 
areas  may  be  subject  to  high  pressure  systems  which  block  storms  and  rains.  Other  parts 
may  experience  the  reverse.  On  the  whole,  though,  mankind  should  benefit  from  an 
upward  tick  in  the  thermometer.  Wanner  weather  means  longer  growing  seasons,  more 
rainfall  overall,  and  fewer  and  less  violent  storms.  The  optimal  way  to  deal  with  potential 
climate  change  is  not  to  strive  to  prevent  it,  a  useless  activity  in  any  case,  but  to  promote 
growth  and  prosperity  so  that  people  will  have  the  resources  to  deal  with  any  shift. 

It  is  much  easier  for  a  rich  country  such  as  the  United  States  to  adapt  to  any  long 
term  shift  in  weather  than  it  is  for  poor  countries,  most  of  which  are  considerably  more 
dependent  on  agriculture  than  the  rich  industrial  nations.  Such  populations  lack  the 
resources  to  aid  their  flora  and  fauna  in  adapting,  and  many  of  their  farmers  earn  too  little 
to  survive  a  shift  to  new  conditions.  These  agriculturally  dependent  societies  could  suffer 
real  hardship  if  the  climate  shifts  quickly.  The  best  preventive  would  be  a  rise  in  incomes, 
which  would  diminish  their  dependence  on  agriculture.  Higher  earnings  would  provide 
them  with  the  resources  to  adjust. 

Should  warming  become  apparent  at  some  time  in  the  future  and  should  it  create 
more  difficulties  than  benefits,  policy  makers  would  have  to  consider  preventive 
measures.  Based  on  history,  however,  global  warming  is  likely  to  be  positive  for  most  of 
mankind  while  the  additional  carbon,  rain,  and  warmth  should  also  promote  plant  growth 
that  can  sustain  an  expanding  world  population.  Global  change  is  inevitable;  warmer  is 
better,  richer  is  healthier. 


20 


167 


Bibliography 


Ammerman,  Albert  J.  and  L.L.  Cavalli-Sforze.  [1984].  The  Neolithic  Transition  and  the 
Genetics  of  Populations  in  Europe,  Princeton,  NJ:  Princeton  University  Press.. 

Bartlett,  Robert  [1993].  The  Making  of  Europe:  Conquest,  Colonization  and  Cultural 
Change  950-1350,  Princeton:  Princeton  University  Press. 

Boserup,  Ester.  [1981].  Population  and  Technological  Change:  A  Study  of  Long-Term 
Trends,  Chicago:  University  of  Chicago. 

Carruth,  Gorton.  [1993].  The  Encyclopedia  of  World  Facts  and  Dates,  New  York:  Harper 
Collins. 

Chao,  Kang  [1986].  Man  and  Land  in  Chinese  History:  An  Economic  Analysis,  Stanford 
CA:  Stanford  University  Press. 

Cheetham,  Nicolas.  [1981].  Mediaeval  Greece,  New  Haven:  Yale  University  Press.. 

Claiborne,  Robert  [1970].  Climate,  Man,  and  History,  New  York:  W.  W.  Norton. 

Cohen,  Mark  Nathan.  [1989].  Health  and  the  Rise  of  Civilization,  New  Haven  and 
London:  Yale  University  Press. 

Committee  on  Science,  Engineering,  and  Public  Policy,  National  Academy  of  Sciences, 
National  Academy  of  Engineering,  and  Institute  of  Medicine  [1991].  Policy 
Implications  of  Greenhouse  Warming,  Washington,  DC:  National  Academy  Press. 

Crowley,  Thomas  J.  and  Gerald  North,  [1991].  Paleoclimatology,  New  York:  Oxford 
University  Press. 

Deland,  Antoinette  [1987].  Fielding's  Far  East,  New  York:  Fielding  Travel  Books. 

Folland,  C.K.,  T.R.  Karl,  N.  Nicholls,  B.S.  Nyenzi,  D.E.  Parker,  &  K.  Ya.  Vinnikov, 

[1992].  "Observed  Climate  Variability  and  Change,"  Intergovernmental  Panel  on 
Climate  Change,  Climate  Change  1992,  Cambridge,  England:  University  Press. 

GUes,  Bill  [1990].  The  Story  of  Weather,  London:  HMSO. 

Gimpel,  Jean  [1983].  The  Cathedral  Builders,  trans,  by  Teresa  Waugh,  London:  Pimlico 
edition. 

Kane,  Sally,  John  Reilly,  &  James  Tobey  [1991].  Climate  Change:  Economic 

Implications  for  World  Agriculture,  Resources  and  Technology  Division, 
Economic  Research  Service,  U.S.  Department  of  Agriculture,  Agricultural 
Economic  Report  No.  647  (October). 

Kauppi,  P.E.,  K.  Mielikainen,  and  K.  Kuusela,  [1992].  "Biomass  and  Carbon  Budget  of 
European  Forests,  1971  to  \99Q,"  Science,  (April  3). 

Ko-chen,  Chu  [1973].  "A  Preliminary  Study  on  the  Chmatic  Fluctuations  During  the  last 
5,0(X)  years  in  China,"  Scientia  Sinica,  16(2)  (May). 


21 


168 


Kremer,  Michael  [1993].  "Population  growth  and  Technological  Change:  One  Million 
B.C.  to  1990,"  The  Quarterly  Journal  of  Economics,  108(3)  (August). 

Lamb,  Hubert  H.  [1968].  The  Changing  Climate,  London:  Methuen. 

Lamb,  Huben  H.  [1977].  Climatic  History  and  the  Future,  Princeton:  Princeton 
University  Press,  Vol.  2  1985. 

Lamb,  Hubert  H.  [1982].  Climate,  History  and  the  Modern  World,  New  York:  Methuen. 

Lamb,  Hubert  H.  [1988].  Weather,  Climate  &  Human  Affairs:  A  book  of  essays  and  other 
papers,  London  and  New  York:  Routledge. 

Langer,  William  L.  [1968].  An  Encyclopedia  of  World  History:  Ancient,  Medieval,  and 
Modern  Chronologically  Arranged,  4th  edition,  Boston:  Houghton  Mifflin. 

Levenson,  Thomas  [1989].  Ice  Time:  Climate,  Science,  andUfe  on  Earth,  New  York. 

McNeill,  William  H.  [  1963].  The  Rise  of  the  West:  A  History  of  the  Human  Community, 
Chicago:  The  University  of  Chicago  Press. 

Mendelsohn,  Robert,  William  D.  Nordhaus,  and  Daigee  Shaw  [1994].  "The  Impact  of 

Global  Warming  on  Agriculture:  A  Ricardian  Analysis,"  The  American  Economic 
Review,  84(4)  (September):  753-771. 

Parry,  M.,  T.  Carter,  and  N.  Konijn  eds.,  [1988].  The  Impact  of  Climatic  Variations  on 
Agriculture,  Vol.  1 :  assessments  in  Cool  Temperate  and  Cold  regions.  Vol.  2: 
Assessments  in  Semi-Arid  Regions.  IIASAAJNEP.  Boston:  Kluwer  Academic 
Publishers. 

Schelling,  Thomas  C.  [1992].  "Some  Economics  of  Global  Warming,"  American 
Economic  Review  (March). 

Van  Doren,  Charles  [1991].  A  History  of  Knowledge:  Past,  Present,  and  Future,  New 
York:  Ballantine  Books. 

Van  Kooten,  G.C.  [1990].  "Climate  Change  Impacts  on  Forestry:  Economic  Issues," 
Canadian  Journal  of  Agricultural  Economics  38,  pp.  701-710. 

Wendland,  Wayne  M.  and  Reid  A.  Bryson,  [1974].  "Dating  Climatic  Episodes  of  the 
Holocene,"  Quaternary  Research  4,  9-24. 


22 


169 

Mr.  ROHRABACHER.  That  was  very  interesting,  that  last  observa- 
tion or  analysis  was  especially  interesting. 
Dr.  Corell? 

STATEMENT  OF  ROBERT  W.  CORELL,  PH.D.,  ASSISTANT  DIREC- 
TOR FOR  GEOSCIENCES,  NATIONAL  SCIENCE  FOUNDATION; 
AND  CHAIRMAN,  SUBCOMMITTEE  ON  GLOBAL  CHANGE  RE- 
SEARCH 

Mr.  Corell.  Mr.  Chairman  and  Members  of  the  Subcommittee, 
it  is  a  pleasure  for  me  to  be  here  today  and  I  thank  you  for  that 
opportunity. 

It  is  my  honor  to  be  here  to  testify  on  behalf  of  the  Departments 
and  Agencies  that  support  and  implement  the  U.S.  Global  Change 
Program. 

While  this  panel  is  focusing  on  impacts,  my  responsibility  I  think 
here  today  is  to  talk  about  the  research  strategies  that  lie  behind 
our  modelling  efforts  and  the  research  strategies  that  help  us  sup- 
port our  studies  of  impacts. 

I  have  two  things  I  would  like  to  do,  in  summary. 

One  is  to  paint  an  overall  picture  of  the  strategy  that  underpins 
the  global  change  program,  and  secondly  to  make  some  summary 
comments  drawn  from  Panel  One  on  the  issue  of  modelling. 

The  U.S.  Global  Change  Program  is  comprised  of  activities  in  15 
federal  research  agencies  that  support  scientific  research,  as  well 
as  the  planning  and  oversight  activities  that  reside  in  the  Execu- 
tive Office  of  the  President. 

Together  we  plan,  integrate,  coordinate,  and  implement  the  pro- 
grams and  activities  that  comprise  the  U.S.  Global  Change  Pro- 
gram. 

We  do  that  because  it  brings  the  unique  capabilities  of  each  of 
these  agencies  in  an  interlocked  manner  to  give  a  holistic  program 
of  research  addressing  global  change  issues. 

The  program  was  established  actually  by  President  Reagan  and 
forwarded  to  the  Congress  as  a  Presidential  initiative  in  the  budget 
for  1990. 

It  was  formalized  by  the  Congress  through  Public  Law  101-606, 
the  Global  Change  Research  Act.  It  is  within  that  framework  that 
the  program  operates. 

It  is  designed  by  law  to  provide  for  the  development  and  coordi- 
nation of  a  comprehensive  and  integrated  U.S.  research  program 
which  will  assist  the  Nation  £ind  the  world  to  understand,  assess, 
predict,  and  respond  to  human-induced  and  natural  processes  of 
global  change. 

It  further  defines  the  scope  fairly  broadly  to  changes  in  the  glob- 
al environment,  including  alterations  in  climate,  land  productivity, 
oceans  and  other  water  resources,  atmospheric  chemistry,  and  eco- 
logical systems  that  may  alter  the  capacity  of  the  earth  to  sustain 
life.  That  is  a  very  broad  charge. 

We  take  that  seriously.  To  get  some  sense  of  priority,  we  have 
constrained  our  activities  to  five  topical  areas  addressing  seasonal 
to  interannual  climate  fluctuations  such  as  those  resolving  around 
El  Nijo. 

Secondly,  to  address  the  climate  change  issue  that  occurs  over 
time  scales  of  a  few  decades. 
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Thirdly,  to  deal  with  the  stratospheric  ozone  issue,  its  depletion, 
and  increased  UW  radiation. 

Fourthly,  to  look  at  changes  in  land  cover,  land  use,  and  how  the 
terrestrial  and  rain  ecosystem  function  and  respond  to  these 
changes. 

And  finally,  a  long-term  fundamental  research  to  understand 
how  this  planet  ticks,  what  makes  it  function,  and  what  are  its 
major  characteristics  and  behavior? 

Now  to  do  that,  we  have  designed  programs  to  observe,  to  docu- 
ment, to  look  at  process  studies  that  help  us  understand  the  proc- 
ess, develop  modeling  strategies  that  look  both  in  the  past  and  the 
present  and  the  future;  to  look  at  this  issue  of  impacts  or  con- 
sequences of  change;  and  to  develop  new  techniques  and  meth- 
odologies that  assist  decision  makers  in  dealing  with  the  questions 
that  are  so  central. 

The  program  has  invested  about  $1.8  billion  during  the  FY  1995 
year  just  ended  this  past  September.  About  60  percent  of  that  in- 
vestment is  in  satellite  and  ground-based  observation  and  data 
management. 

30  percent 

Mr.  ROHRABACHER.  Would  you  repeat  that  figure  again  for  me, 
please? 

Mr.  CORELL.  60  percent 

Mr.  ROHRABACHER.  No,  no. 

Mr.  CORELL.  The  1995  budget  for  U.S.  global  change  among  the 
11  agencies  that  field  the  programs  is  $1.8  billion. 

Mr.  ROHRABACHER.  Yes.  I  was  afraid — I  thought  you  said  "mil- 
lion." 

Mr.  CoRELL.  No.  Billion. 

[Laughter.] 

Mr.  CORELL.  About  60  percent 

Mr.  ROHRABACHER.  We  get  our  "m"s  and  "b"s  mixed  up  here. 

Mr.  CORELL.  Yes.  Right. 

About  60  percent  is  devoted  to  satellite  and  ground-based  obser- 
vation and  data  management  of  the  kind  that  was  so  central  to  our 
discussion  in  the  first  panel. 

The  second,  30  percent  is  devoted  to  field  programs  and  process 
studies  to  gain  knowledge  about  the  crucial  factors  that  affect 
change  on  the  planet. 

About  4  percent  goes  to  global  climate  modeling,  and  the  remain- 
ing 6  percent  is  divided  in  studies  of  consequence  in  developing 
new  tools  of  analysis. 

That  is  the  total  character  of  the  program. 

In  returning  to  the  issue  of  modeling,  within  the  global  change 
program  there  is  a  concentrated  effort  to  do  global  modeling  of  the 
Earth's  system,  as  well  as  special  attention  to  modeling  the  climate 
system. 

Understanding  and  predicting  the  behavior  of  the  Earth's  system 
as  we  heard  this  morning  is  one  of  the  most  challenging  scientific 
problems  of  our  times.  The  spatial  scales  range  from  "very  local" 
to  "global."  Times  scales  from  minutes  to  the  millennia.  And  the 
governing  process  involves  the  physical,  chemical,  and  biological  as- 
pects of  our  planet. 
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One  of  the  most  viable  approaches  to  getting  a  better  under- 
standing of  this  is  to  use  comprehensive  computer-  based  models, 
as  we  heard  this  morning.  Without  the  aid  of  such  models,  we  can- 
not even  begin  to  track  the  important  and  complex  interactions, 
and  we  use  these  models  to  sharpen  our  understanding  of  what  the 
key  factors  are  that  guide  the  behavior  of  the  planet. 

As  we  heard  this  morning  in  the  first  panel  this  morning,  these 
models  bring  together  our  scientific  understanding  of  winds,  and 
air  pressure,  oceanic  currents,  and  eddies,  temperature,  salinity, 
water  vapor,  and  clouds,  solar,  and  infrared  radiation,  precipitation 
and  evaporation,  and  the  list  goes  on  of  the  many  factors  that  have 
to  be  integrated  into  these  mathematical  based  models. 

They  allow  us  to  connect  the  oceans  to  the  atmosphere  in  turn 
to  the  land  surface;  to  understand  how  sea  ice  and  snow  cover 
changes  with  time. 

In  view  of  the  comments  this  morning,  I  thought  it  would  be 
helpful  to  give  some  scales  that  current  models  are  divided  into 
grids  or  blocks  that  are  roughly  the  size  of  the  State  of  Wyoming 
or  Utah.  But  they  only  allow  us  to  understand  the  conditions  on 
roughly  the  scale  of  maybe  one-third  to  a  half  of  our  continent. 

So  the  scale  is  still  too  large  to  get  at  some  of  these  regional  is- 
sues that  are  of  such  profound  importance  to  all  of  us.  They  are 
also  designed  to  resolve  time  scales  of  maybe  season  to  interannual 
and  maybe  over  decades  to  a  few  centuries. 

It  is  imperative  that  we  increase  our  ability  to  do  finer-scale  res- 
olution and  to  better  represent  the  total  processes,  but  that  will  re- 
quire, as  we  discussed,  greater  computational  capabilities. 

I  think  this  morning  we  got  a  good  idea  of  the  current  state  of 
knowledge  about  these  models.  They  do  best  at  simulating  large- 
scale  processes.  They  are  not  as  good  at  smaller  scale  features,  and 
they  are  better  at  temperature  than  they  are  at  precipitation. 

These  models  are  the  best  tools  to  provide  us  the  insight  of  what 
might  happen  to  the  planet  if  it  is  subjected  to  various  levels  of 
change  in  the  emission  of  greenhouse  gases,  or  aerosols,  or  other 
human  activities. 

It  is  also  the  tool  we  have  to  understand  natural  variability.  The 
balance  between  these  two  are  a  central  issue  that  we  are  address- 
ing through  the  program. 

In  summary,  Mr.  Chairman,  global  climate  models  are  a  criminal 
component  of  our  overall  U.S.  strategy  to  work  with  our  colleagues 
abroad  to  be  sure,  but  to  more  fully  understand  global  scale  climate 
variability. 

In  this  context,  the  program  is  dedicated  to  providing  the  Nation 
with  credible,  state  of  the  art,  global  modeling  capability. 

We  thank  you  for  the  opportunity  to  join  this  hearing  this  after- 
noon and  to  participate  in  the  dialogue  and  discussion. 

Thank  you. 

[The  prepared  statement  and  attachments  of  Dr.  Corell  follow:] 
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CLIMATE  CHANGE  MODELING  AND  THE  USGCRP 

Mr.  Chairman  and  members  of  the  subcommittee: 

My  name  is  Robert  W.  Corell.  I  am  Assistant  Director  for 
Geosciences  at  the  National  Science  Foundation.  I  am  here  today 
because  of  my  additional  role  as  chairman  of  the  interagency 
Subcommittee  on  Global  Change  Research  (SGCR),  which 
administers  the  U.  S.  Global  Change  Research  Program  (USGCRP) 
under  the  auspices  of  the  Committee  on  the  Environment  and  Natural 
Resources  (CENR)  of  the  National  Science  and  Technology  Council 
(NSTC) 

The  U.  S.  Global  Change  Research  Program 

SGCR  Membership:  The  SGCR  includes  representatives  of  fifteen 
federal  research  agencies  supporting  scientific  activities  and  several 
planning  and  oversight  offices  of  the  Executive  Office  of  the 
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President.'  While  the  SGCR  coordinates  the  focused  global  change 
research  contributions  of  these  agencies  in  support  of  the  USGCRP, 
the  USGCRP  also  benefits  from  important  contributions  and  efforts 
that  are  carried  out  for  other  primary  purposes.  A  prime  example  is 
the  data  and  information  that  USGCRP  research  projects  can  access 
for  research  purposes  from  satellites  whose  primary  purpose  is  to 
support  national  and  international  weather  and  disaster  forecast 
programs. 

USGCRP  Charter:  To  understand  the  role  of  global  climate  modeling 
and  its  tie  to  governmental  policymaking,  which  is  the  subject  of  this 
hearing,  it  is  essential  to  have  an  overall  perspective  on  the  USGCRP. 
The  USGCRP  was  established  by  President  Reagan  as  a  Presidential 
Initiative^  and  formalized  by  Congress  through  the  Global  Change 
Research  Act  of  1990  (P.L.  101-606).  This  law  under  which  the 
USGCRP  is  organized  defines  its  purpose  as  being  "to  provide  for  the 
development  and  coordination  of  a  comprehensive  and  integrated 
United  States  research  program  which  will  assist  the  Nation  and  the 
world  to  understand,  assess,  predict,  and  respond  to  human-induced 
and  natural  process  of  global  change."  The  law  also  defines  global 
change  as  "changes  in  the  global  environment  (including  alterations  in 
climate,  land  productivity,  oceans  or  other  water  resources, 
atmospheric  chemistry,  and  ecological  systems)  that  may  alter  the 
capacity  of  the  Earth  to  sustain  life." 

Global  Change  Research:  This  charter  for  the  USGCRP  thus  makes 
clear  that  there  is  to  be  a  broad  scope  and  it  is  to  consider  the  full  set 
of  issues  dealing  with  actual  and  potential  global  environmental 
change.  The  USGCRP  is  to  cover  aspects  that  are  of  interest  to  many 
departments  and  agencies,  and  it  is  to  support  activities  ranging  from 


'  Agencies  and  offices  with  representatives  to  the  SGCR  include  the  Department  of  Agriculture; 
the  Department  of  Commerce  (National  Oceanic  and  Atmospheric  Administration  and  the 
National  Institute  of  Standards  and  Technology);  the  Department  of  Defense;  the  Department  of 
Health  and  Human  Services  (National  Institutes  of  Health);  the  Department  of  the  Interior;  tne 
Department  of  State;  the  Department  of  Transportation;  the  Environmental  Protection  Agency; 
the  National  Aeronautics  and  Space  Administration;  the  National  Science  Foundation;  the 
Smithsonian  Institution,  the  Tennessee  Valley  Authority;  the  intelligence  community;  and  the 
Office  of  Science  and  Technology  Policy,  the  Council  of  Economic  Advisors,  and  the  Office  of 
Management  and  Budget  of  the  Executive  Office  of  the  President. 
^  The  USGCRP  has  been  an  endorsed  initiative  of  all  of  the  administrations  since  its 
establishment  in  1989. 
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fundamental  research  to  research  that  expands  the  knowledge  base 
upon  which  the  Nation  and  world  may  be  able  to  effectively  respond  or 
adapt.  It  is  Important  to  note  at  this  point,  however,  that  the  USGCRP 
does  not  include  research  on  new  energy  technologies,  nor  does  it 
include  support  for  research  underpinning  specific  response  policies, 
such  as  the  Climate  Change  Action  Plan.  The  USGCRP  is  designed 
to  improve  the  base  of  fundamental  understanding  about  what  is 
happening  and  about  what  scientific  research  indicates  might  happen 
in  the  future,  not  to  support  the  implementation  of  particular  policies. 

Global  Change  Research  Objectives:  Because  global  change  is  so 
broadly  defined,  the  SGCR  has  developed  a  program  that  places 
special  emphasis  on  improving  the  information  base  concerning  five 
specific  objectives: 

1 .  Seasonal  to  Interannual  Climate  Fluctuations  and  Related  Events: 
To  predict  climate  fluctuations  and  environmental  interactions  over 
seasons  to  years,  particularly  the  irregular  occurrence  of  the  El  Nino 
warmings  that  affect  the  tropical  Pacific  Ocean  and  thereby  the 
weather  in  the  tropics  and  southern  and  western  United  States,  and    ' 
elsewhere  on  the  planet; 

2.  Climate  Change  Over  the  Next  Few  Decades:  To  understand  and 
project  changes  In  climate  and  the  environment  over  decades  to 
centuries,  especially  the  climatic  changes  (from  warming  and  cooling 
effects)  and  environmental  consequences  expected  from  increasing 
concentrations  of  greenhouse  gases,  aerosols,  other  human 
influences,  and  natural  factors  that  control  climate  variability; 

3.  Stratospheric  Ozone  Depletion  and  Increased  UV  Radiation:  To 
predict  depletion  of  stratospheric  ozone,  resulting  increases  in  UV- 
radiatlon,  and  changes  in  tropospheric  (lower  atmosphere)  chemistry 
that  affect,  among  other  aspects,  the  ability  of  the  atmosphere  to 
cleanse  itself  of  pollutants; 

4.  Changes  in  Land  Cover  and  In  Terrestrial  and  Marine  Ecosystems: 
To  monitor  and  understand  changes  in  land  cover  and  in  terrestrial 
and  marine  ecosystems,  including  changes  in  land  use,  deforestation, 
and  desertification;  and 
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5.  Earth  System  Science:  To  sustain  exploratory  research  that 
increases  understanding  of  the  complex  behavior  of  the  total  Earth 
system,  identifying  potential  surprises  and  ensuring  that  all  factors  are 
being  considered. 

This  hearing  is  concerned  primarily  with  research  on  the  second  of  the 
five  objectives,  although  it  relates  in  some  way  to  all  five. 

Global  Change  Research  Streams:  To  pursue  these  intercoupled 
objectives,  the  USGCRP  supports  research  of  various  types  that 
contributes  in  varying  degrees  to  all  of  these  efforts.  The  research  is 
generally  subdivided  into  six  research  streams: 

1 .  Observations  of  the  Global  System:  The  major  fraction  of  funding 
for  observations  of  the  global  system  is  designated  for  NASA's  Earth 
Observing  System  of  satellites.  Also  relevant  are  programs  for 
surface-based  observing  of  UV  radiation,  ecosystems,  and  critical 
facets  of  the  Earth  system.  Interagency  and  international  efforts  are 
undenvay  to  move  toward  an  integrated  global  observing  system. 

2.  Documentation  and  Data  Management:  USGCRP  agencies  have 
organized  the  Global  Change  Data  and  Information  System  (GCDIS) 
to  make  available  their  many  data  sets  for  research  and  analysis. 
NASA's  EOSDIS  is  a  major  component  of  GCDIS,  but  all  agencies  are 
actively  participating.  Agency  implementation  plans  are  now  going 
through  the  approval  process. 

3.  Field  Programs  and  Process  Studies:  Together  with  nations  around 
the  world  and  within  the  U.S.,  internationally  coordinated  research 
programs^  are  underway  to  understand  how  such  processes  as  cloud- 


^here  are  three  major  internationally  coordinated  research  programs,  coordinating  and 
integrating  the  research  efforts  of  literally  tens  of  thousands  of  scientists,  research  specialists, 
and  research  associates,  and  virtually  all  the  nations  of  the  world.  The  programs  are:  (i)  The 
World  Climate  Research  Program  (WCRP),  (ii)  The  Intemational  Geosphere-Biosphere 
Programme  (IGBP),  and  (iii)  The  Human  Dimensions  of  Global  Environmental  Change 
Programme  (HDP).  These  Programs  are  all  sponsored  by  the  Intemational  Council  of  Scientific 
Unions  (ICSU),  the  intemational  academy  of  science.  Further,  the  WCRP  is  co-sponsored  by  the 
World  Meteorological  Organization  (WMO)  and  the  Intergovernmental  Oceanographic 
Commission  (IOC).  Finally,  the  HDP  Is  co-sponsored  by  the  Intemational  Social  Sciences 
Council  (ISSC). 
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radiation  feedback,  ocean  circulation,  the  hydrologic  cycle, 
atmospheric  chemistry,  and  many  other  physical,  chemical,  and 
biogeochemical  processes  influence  the  functioning  of  the  global 
Earth  system. 

4.  Modeling  the  Past,  Present,  and  Future  Behavior  of  the  Global 
System:  Putting  together  all  of  the  information  on  how  the  system 
functions  and  how  processes  interact  can  only  be  done  using 
quantitative  simulation  models.  The  USGCRP  supports  a  range  of 
efforts  to  look  at  different  time  scales,  different  aspects  of  global 
change,  and  different  components  of  the  global  system. 

5.  Estimating  the  Consequences  of  Global  Change:  Change  is  a 
natural  feature  of  our  world.  The  important  issue  is  what  the 
consequences  of  the  change  will  be  for  societally  important  systems, 
such  as  agriculture,  water  resources,  forests  and  other  ecosystems, 
health,  commerce,  and  industry. 

6.  Methods  for  Analyzing  the  Implications  and  for  Assisting  Decision 
Makers:  To  support  decision  making  in  private  and  public  settings, 
research  is  conducted  that  develops  and  tests  tools  that  can  provide 
an  integrated  perspective  of  change  and  its  consequences. 

Global  Change  Research  Budget:  For  this  hearing,  you  have  asked 
us  to  discuss  primarily  the  third  and  fourth  streams  of  research. 
These  are  very  important  parts  of  the  overall  effort,  but  you  can  see 
that  they  are  by  no  means  our  entire  program.  To  provide  a  funding 
perspective,  in  FY  1995,  agency  research  that  focused  directly  on 
USGCRP  objectives  totaled  about  $1 .8  billion.  Of  this  amount, 
approximately  60%  was  devoted  to  observations  and  data 
management,  about  30%  to  process  studies,  about  4%  to  global 
change  modeling  (with  3%  supporting  long-term  climate  modeling), 
and  the  other  6%  divided  between  studies  of  consequences  and  the 
development  and  testing  of  tools  for  analyzing  implications  and 
decision  making.  The  FY  1996  program  of  research  and  requested 
budget  is  described  in  detail  in  "Our  Changing  Planet",  a  document 
that  is  submitted  to  the  Congress  as  a  supplement  to  the  President's 
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FY  1996  Budget'  A  copy  of  "Our  Changing  Planet"  for  FY  1996  is 
attached  to  this  testimony. 

Thus,  while  modeling  and  Impact  studies  garner  significant  attention, 
they  are  a  relatively  modest  component  of  the  overall  budget.  They 
are  particularly  important,  however,  because  they  are  the  aspects  of 
the  program  where  the  many  other  parts  are  tied  together  in  ways  that 
become  meaningful  for  analysts  and  decision  makers. 


Modeling  Climate  Change 

Why  Modeling  is  Vital:  Attempting  to  understand  the  behavior  of  the 
Earth  system  and  to  predict  and  project  its  behavior,  including  its 
climate  and  the  consequences  of  climate  change,  is  one  of  the  most 
challenging  scientific  problems.  Spatial  scales  range  from  local  to 
global,  time  scales  from  minutes  to  millennia,  and  processes  include 
physical,  chemical,  and  biological.  Without  the  aid  of  computer-based 
modeling  systems,  one  cannot  keep  track  of  the  many  important  and 
complex  interactions  that  govern  the  behavior  of  the  planet.  It  is  not 
possible  to  construct  even  a  realistic  physical  model  of  the  Earth 
system  in  a  laboratory  and  to  experiment  with  it  much  less  a  full 
chemical  and  biological  model.  Furthermore,  it  is  not  possible  to  apply 
in  a  straightfonA/ard  way  what  has  happened  in  the  past  as  a  means 
for  predicting  the  future  because  of  the  uniqueness  of  human 
influences  that  now  appear  to  be  intermixed  with  natural  processes. 
While  all  of  these  approaches  can  help  to  improve  understanding,  the 
only  viable  approach  is  the  use  of  comprehensive,  computer-based, 
models  of  the  global  system  that  incorporate  as  much  knowledge  as  is 
possible  of  how  the  system  works.  Such  models  have  come  to  be 
called  global  climate  models,  Earth  system  models,  or  general 
circulation  models  (GGMs),  depending  to  some  extent  on  what  set  of 
processes  they  include  and  how  they  are  used.  To  a  great  extent, 
they  represent  the  integrated  understanding  of  the  dynamics  of  the 
Earth  system.  Attached  to  this  written  testimony  is  a  report  on  Earth 


*  The  USGCRP  has  submitted  annually  an  issue  of  "Our  Changing  Planet",  as  a  supplement  to 
the  President's  txjdget  submission  to  the  Congress.  These  program  and  budget  documents  have 
accompanied  every  budget  submission  since  FV  1990. 
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System  Modeling  Activities  in  the  United  States  that  was  prepared  by 
the  coordination  office  of  the  USGCRP  earlier  this  year. 

Model  Structure:  Earth  system  models  consist  of  reasonably 
comprehensive,  but  still  limited,  sets  of  mathematical  equations  that 
represent  the  state  of  scientific  understanding  of  winds  and  air 
pressure,  ocean  currents  and  eddies,  temperature  and  salinity,  water 
vapor  and  clouds,  solar  and  infrared  radiation,  precipitation  and 
evaporation,  snow  cover  and  runoff,  atmospheric  chemistry, 
biogeochemical  cycles,  ecological  processes,  and  many  other 
important  factors.  The  models  are  global,  including  treatment  of  the 
oceans,  the  atmosphere,  the  land  surface,  and  sea  ice  and  snow 
cover.  Although  the  models  have  grids  the  size  of  states  like 
Wyoming  and  Utah,  they  are  able  to  resolve  conditions  only  on  scales 
of  roughly  one-third  to  one-half  of  the  continental  U.S.  and  over  times 
of  decades  to  a  century.  To  do  better  requires  finer  spatial  resolution 
and  improved  representations  of  processes,  both  of  which  require 
increased  computational  capabilities.  While  the  DOE's  Computer 
Hardware,  Advanced  Mathematics,  and  Model  Physics  (CHAMMP) 
program  is  helping  all  agencies  take  advantage  of  the  most  advanced 
parallel  computers  and  enhanced  supercomputer  capabilities  at  the 
National  Center  for  Atmospheric  Research  (NCAR)  are  facilitating  the 
operation  of  larger,  more  complex  models,  tradeoffs  still  must  be 
made  as  researchers  work  to  most  effectively  address  particular 
aspects  of  the  problem.  The  GAO  report  entitled  "Global  Warming: 
Limitations  of  General  Circulation  Models  and  Costs  of  Modeling 
Efforts"  identifies  a  number  of  these  trade-offs,  all  of  which  are  being 
worked  on  as  indicated  in  the  SGCR  response  letter  that  was  included 
in  their  report.  Attached  to  this  testimony  is  a  copy  of  the  letter  to 
GAO  that  provides  some  perspective  on  the  strengths  of  the  models 
that  do  exist  and  a  summary  of  how  the  USGCRP  is  addressing  their 
limitations. 

Testing  Models:  In  spite  of  their  limitations,  these  models  are  quite 
capable  of  representing  many  aspects  of  Earth  system  behavior. 
Developing  a  sense  of  how  much  confidence  to  place  in  these  models 
is  an  important,  but  very  challenging,  aspect  of  the  USGCRP  research 
effort.  How  processes  such  as  infrared  radiation  are  represented  in 
the  models  is  being  tested  both  in  the  laboratory  and  in  field 
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experiments.  Similarly,  how  eddies  mix  heat  downward  from  the 
surface  into  the  upper  ocean  and  how  wind  transports  and  precipitates 
out  water  vapor  are  being  tested  in  major  field  programs.  There  are 
many  processes  to  be  examined  and  the  major  USGCRP  agencies  all 
contribute  to  these  efforts  in  a  coordinated  manner.  One  set  of 
investigations  supported  by  the  CHAMMP  program  has  been  the 
comparison  of  different  models  in  order  to  evaluate  their  ability  to 
simulate  current  climate  conditions  at  different  scales. 

Another  way  to  test  the  models  is  to  determine  how  well  they  simulate 
past  and  present  climate  conditions.  Research  programs  are 
undenA/ay  to  examine  how  well  models  simulate  conditions  drawn  from 
recent  climate  fluctuations  to  conditions  from  the  distant  past.  What  is 
found  is  that,  to  a  quite  reasonable  degree,  climate  models  can 
simulate  climate  change  over  the  seasons,  the  response  to  volcanic 
eruptions  and  El  Nino  warmings,  and  the  relatively  stable  climate  of 
the  last  10,000  years.  Models  can  also  simulate  some  aspects  of  the 
very  cold  climates  of  the  glacial  periods  and  the  warmer-than-present 
climates  of  the  distant  past  (e.g.,  the  Cretaceous  period,  which  ended 
65  million  years  ago  when  dinosaurs  roamed  the  Earth).  The  models 
generally  do  best  at  simulating  large-scale  rather  than  small-scale 
features  (because  they  do  not  yet  represent  regional  details)  and 
temperature  rather  than  precipitation  (because  cloud  processes 
generally  operate  at  smaller  spatial  and  temporal  scales). 

In  using  these  global  climate  models  to  provide  projections  of  future 
climate  over  the  next  several  decades,  the  models  are  provided  input 
scenarios  on  what  is  projected  to  happen  to  emissions  of  greenhouse 
gases,  aerosols  (small  particles),  and  other  human  activities.  The 
models  then  use  these  scenarios  to  estimate  how  the  climate  system 
will  be  affected  if  emission  changes  occur  as  projected.  It  is  important 
to  realize  that  the  ranges  of  estimates  usually  reported  in  publications 
often  combine  the  effects  of  uncertainties  in  the  emission  scenarios 
with  the  uncertainties  in  our  representation  of  the  climate  system  to 
generate  a  single  range  of  projected  change  in  temperature.  Looking 
separately  at  these  two  factors,  the  uncertainties  in  the  independent 
projections  of  population,  technology,  and  other  related  issues  are  an 
important  cause  of  the  apparent  overall  uncertainty. 
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Agency  Responsibilities:  Within  the  USGCRP,  five  agencies 
contribute  to  advancing  the  state  of  global  modeling.  The  GAO  report 
includes  information  developed  with  the  USGCRP  agencies 
describing  their  areas  of  emphasis  in  modeling  climate  change. 
Examples  of  areas  of  emphasis  are: 

1 .  Department  of  Energy:  DOE's  Atmospheric  Model  Intercomparison 
Project  is  working  with  the  various  national  and  international  modeling 
groups  on  simulation  of  the  period  since  1978.  Other  programs  focus 
on  use  of  massively  parallel  computers,  the  global  carbon  cycle,  and 
the  effects  of  carbon  dioxide  on  climate. 

2.  Department  of  Commerce:  In  addition  to  significant  modeling 
support  for  seasonal  to  interannual  climate  fluctuations,  NOAA 
supports  ocean-atmosphere  modeling  to  simulate  climate  fluctuations 
from  earlier  this  century  and  natural  variations  over  longer  periods, 
climate  change  due  to  greenhouse  gases,  and  comparison  of 
observed  climate  change  to  model  simulations. 

3.  National  Science  Foundation:  NSF  supports  research  to  simulate 
climates  of  the  past,  present,  and  future  and  more  generally  of  the 
dynamics  of  the  system.  NSF  also  support  supercomputer  facilities 
used  for  multi-agency  activities. 

4.  National  Aeronautics  and  Space  Administration:  NASA  focuses  its 
modeling  most  intensely  on  assembling  satellite  data  for  use  in 
developing  and  evaluating  model  behavior  and  in  understanding  the 
climate's  response  to  various  types  of  natural  and  human-induced 
forcings. 

5.  Environmental  Protection  Agency:  EPA  emphasizes  the  inclusion 
of  ecosystems  and  biogeochemistry  in  model  simulations. 

Together,  these  agencies  support  an  interlocking  and  complementary 
effort  that  provides  both  some  focusing  of  activities  and  the  diversity 
needed  to  ensure  that  important  shortcomings  are  not  overlooked. 
Attached  to  this  testimony  is  a  statement  prepared  by  the  coordination 
office  of  the  USGCRP  eartier  this  year  that  describes  agency 
programs  in  global  climate  change  modeling  in  greater  detail. 
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IPCC  Assessments  for  Summarizing  and  Evaluating  Model 
Results:  While  there  are  three  main  and  a  number  of  more 
specialized  modeling  groups  in  the  U.S.  and  several  other  major 
groups  throughout  the  world  carrying  out  simulations  of  the  potential 
effects  of  long-term  changes  in  the  climate,  the  assimilation  and 
evaluation  of  input  for  decision  makers  is  earned  out  through  an 
assessment  process.  In  the  area  of  climate  change,  the  U.S. 
participates  strongly  in  the  periodic  assessments  of  the 
Intergovernmental  Panel  on  Climate  Change  (IPCC).  In  these  efforts, 
hundreds  of  scientists  from  throughout  the  world  participate  in  the 
submission  and  evaluation  of  materials.  Their  initial  draft  chapters  are 
then  further  reviewed  by  scientific  experts,  representatives  of  non- 
governmental groups,  and  by  government  scientists  and  agencies. 
The  SGCR  managed  the  U.S.  Government  review  process  this  year, 
and  we  can  assure  that  it  was  both  intensive  and  broadly  inclusive.  As 
one  example  of  how  broad  it  was,  the  U.S.  Government  made  the 
draft  report  generally  available  through  a  Federal  Register  notice,  a 
process  which  allowed  an  extensive  range  of  people  to  participate. 

An  interesting  result  of  the  IPCC  process  this  year  was  the  recognition 
that  the  level  of  confidence  in  the  projections  of  climate  change  is 
increasing,  because  we  have  become  better  able  to  understand,  with 
reasonable  confidence,  why  the  climate  has  been  changing  over  the 
past  hundred  years. 

USGCRP  Modeling  Forum:  in  addition  to  the  IPCC  process,  the 
USGCRP  organizes  other  ways  of  evaluating  the  general  character  of 
the  results.  A  year  ago,  for  example,  the  USGCRP  convened  an 
informal  Modeling  Forum  that  included  leading  modeling  scientists  as 
well  as  skeptics  and  users  of  model  results.  We  asked  them  to 
provide  a  balanced  perspective  on  the  certainty  that  could  be 
associated  with  important  aspects  of  the  model  results.  We  did  not 
expect  everyone  to  agree  with  each  results,  but  we  wanted  to  have  a 
summarization  of  results  in  a  way  that  qualified  experts  might  split 
roughly  between  those  who  thought  a  weaker  or  stronger  statement 
could  be  made.  One  purpose  of  this  forum  was  to  help  the  GAO 
better  understand  what  was  limiting  scientific  understanding  and 
where  it  stood;  another  purpose  was  to  provide  a  baseline  against 
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which  we  expect,  over  approximately  a  five  year  time  frame,  to 
determine  if  our  research  program  is  helping  to  improve  understanding 
and  the  confidence  to  be  placed  in  model  projections.  A  copy  of  this 
report  is  included  with  my  testimony. 

National  Research  Council  Review:  In  addition  to  the  normal  peer- 
review  process  for  evaluating  individual  research  proposals  and  the 
IPCC  and  related  processes  for  assembling  and  assessing  the  model 
results,  the  USGCRP  sponsors  the  Climate  Research  Committee 
(CRC)  of  the  National  Research  Council.  This  committee  holds 
several  meetings  a  year  on  various  issues  relating  to  climate  change 
research  and  modeling,  and  offers  a  number  of  comments  and 
suggestions  for  research.  The  CRC  also  assists  the  USGCRP  by 
serving  as  the  U.S.  national  scientific  committee  that  interfaces  with 
research  and  modeling  activities  of  the  World  Climate  Research 
Programme.  The  work  of  the  CRC  has  been  coordinated  with  other 
units  of  the  National  Research  Council,  including  the  special  review 
panels  that  evaluated  the  USGCRP  during  the  last  summer,  in  part  at 
the  request  of  Representative  Walker.  We  thus  believe  we  have  a 
quite  broad  and  diversified  set  of  mechanisms  for  ensuring  that  we 
have  the  highest-possible  quality  focus  on  this  critical  issue. 

Summary:  Despite  the  wide  range  of  research  and  the  extensive 
reviews,  many  aspects  of  the  behavior  of  the  Earth  system  still  are  not 
fully  understood.  As  such,  there  is,  quite  appropriately,  a  continuing 
and  active  set  of  exchanges  of  critiques  and  responses  followed  by 
further  research  and  advances.  There  are  times  when  these  spill  out 
of  the  traditional  scientific  channels  and  receive  wider  attention.  The 
attention  given  to  a  few  of  these  controversies  has  obscured  the  very 
active  and  normal  scientific  exchange  of  views.  Within  the  USGCRP, 
we  work  hard  to  make  sure  that  pathways  are  open,  that  dialog  takes 
place,  and  that  questions  and  uncertainties  are  addressed.  We  are 
currently  able  to  fund  only  a  relatively  small  percentage  of  the 
generally  high-quality  proposals,  so  many  important  scientific 
questions  require  further  exploration.  Fortunately,  the  complementary 
nature  of  the  federal  agency  efforts,  and  smaller  efforts  that  we 
encourage  by  other  sponsors  (e.g.,  the  Electric  Power  Research 
Institute)  provide  a  very  diverse  and  challenging  set  of  perspectives 
that  we  believe  ensures  the  integrity  of  the  science. 
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In  order  to  achieve  our  goal  of  Improving  long-term  assessment  and 
predictive  capabilities  based  on  knowledge  of  the  integrated 
components  of  the  Earth  system,  we  plan  to  continue  to  address  the 
uncertainties  in  today's  models.  In  doing  so,  we  expect  to  provide  the 
nation  with  benefits  in  the  form  of  improved  understanding  that  will 
benefit  agriculture,  water  resources,  and  other  forms  of  economic 
activity  just  as  we  have  seen  the  benefits  of  recent  investments  made 
in  improved  short-term  weather  as  well  as  seasonal  and  interannual 
forecasting  capabilities. 

Thank  you  very  much  for  this  opportunity  to  participate  in  this  hearing, 
and  I  would  welcome  questions  from  the  subcommittee. 


Attachments 

"Our  Changing  Planet,"  A  report  by  the  SGCR  submitted  as  a 
supplement  to  the  President's  FY  1 996  budget. 

Statement  on  "U.S.  Global  Change  Research  Program  Agency 
Programs  in  Global  Climate  Change  Modeling"  prepared  by  Michael 
MacCracken,  April  1995. 

Letter  from  Robert  Corell  to  Peter  Guerrero  of  GAO  dated  May  22, 
1995,  and  attachment. 

Statement  on  "Earth  System  Modeling  Activities  in  the  United  States" 
prepared  by  Michael  MacCracken,  February  1995. 

USGCRP  Report  on  "Forum  on  Global  Change  Modeling" 
(USGCRP-95-02). 
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U.  S.  Global  Change  Research  Program 
Agenq^  Programs  in  Global  Climate  Change  Modeling* 

Prepared  by 

Michael  C.  MacCracken,  Director 

Coordination  Office  of  the  USGCRP 

April  1995  (updated  from  Feb.  1995) 

Introduction 

Use  of  models  that  represent  the  Earth  system  to  make  projections  of 
future  environmental  conditions  necessarily  rests  on  the  foundation  of 
understanding  how  the  Earth  system  fimctions  now  and  has  functioned  in 
the  past.  Development  of  this  understanding  requires  a  broad-based  research 
program  that  includes  observations  taken  at  the  surface  and  from  space,  the 
assembly  of  global  data  sets  for  driving  and  testing  of  model  simulations, 
analysis  of  results  from  focused  studies  designed  to  improve  understanding 
of  important  processes  and  influences,  scenarios  of  the  future  level  and  type 
of  socio-economic  activities,  estimation  of  the  interactions  among  system 
components,  inventories  and  records  of  human-induced  factors  that  force 
change,  and  more.  These  needs  are  all  in  addition  to  the  modeling  activity 
itself,  which  requires:  development  of  quantitatative  formulations  (i.e., 
parameterizations)  for  representing  physical,  chemical,  and  biological 
processes  that  can  be  included  in  models,  comparison  and  testing  of  the 
models  with  observations  of  current  and  past  climatic  behavior,  analysis  of 


*  This  brief  note  has  been  prepared  at  the  request  of  the  General  Accounting 
Office  to  describe  agency  modeling  programs  that  focus  on  the  issue  of  global 
climate  change.  In  particular,  the  GAO  request  is  interested  in  activities 
relating  to  global  three-dimensional  modeling  in  areas  such  as: 

a.  testing,  verifying,  and /or  applying  global  models  of  the  atmosphere, 

oceans,  and /or  land  surface  (including  global  chemistry  related  to 
greenhouse  forcing  and /or  vegetation  models)  and  whose  focus  is  on 
simulation  of  global  climate,  climate  variability,  and  climate  change  on 
time  scales  of  decades  to  centuries  relating  to  changes  in  the 
concentrations  and  chemistry  of  greenhouse  gases  and  aerosols  and /or 
land  surface  change  due  to  human  activities; 

b.  simulation  of  the  baseline  global  climate  system  (including  vegetation) 

to  which  perturbation  studies  are  being  compared; 

c.  global  simulation  of  paleoclimates  where  the  purpose  is  to  understand 

factors  that  can  help  in  understanding  and  identifying  climate  change 
due  to  human  activities;  and 

d.  global  verification  and  model  intercomparison  studies,  including 

diagnosis  of  results  from  global  models  and  associated  comparison 
with  observations. 
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simulations  and  sensilivity~stttdiGG.  and-acliial  application  of  the  models  to 
study  of  realistic  scenarios  for  the  future.  The  U.  S.  Global  Change  Research 
Program  (USGCRP)  encompasses  this  entire  set  of  research  activities  and  uses 
the  understanding  and  predictive  capabilities  that  have  been  developed  in  the 
investigation  of  climate  change  and  greenhouse  warming,  ozone  depletion 
and  UV  radiation,  natural  seasonal  to  interannual  fluctuations  in  the  climate, 
and  analysis  of  the  effects  of  changes  in  large  scale  land  cover  and  land  use. 

The  USGCRP  combines  the  research  efforts  of  twelve  agencies.  Overall, 
the  focused  USGCRP  interagency  budget  was  approximately  $1.44B  in  FY-94. 
Of  the  total  USGCRP  FY-94  budget,  approximately  61%  ($883M)  supported 
observing  and  data  management  activities,  approximately  31%  ($456M) 
supported  focused  studies  of  how  processes  amplify  and  influence  global 
change,  about  4%  ($50M)  supported  integrated  modeling  and  prediction,  and 
about  4%  ($55M)  supported  study  of  potential  consequences  and  assessment  of 
socio-economic  effects.  In  addition  to  these  focused  USGCRP  activities,  the 
agencies  conduct  research  activities  that  are  undertaken  for  primary  reasons 
beyond  the  impetus  of  the  USGCRP,  and  are  thus  not  included  in  these  totals. 
For  example,  in  the  area  of  observations,  activities  are  quite  extensive  (e.g., 
operation  of  U.  S.  weather  satellites),  whereas  in  other  areas  they  are  more 
modest  (e.g.,  modeling  of  the  global  climate  system). 

Because  there  is  considerable  synergy  with  respect  to  research  on  the 
various  global  environmental  issues,  it  is  not  possible  to  precisely  allocate 
budget  shares  for  research  among  the  various  global  environmental  issues; 
however,  most  of  the  research  contributes  strongly  to  the  understanding  of 
global  climate  change  on  decadal  to  centennial  time  scales  in  addition  to  its 
contributions  to  other  areas.  To  be  consistent  with  the  GAO  request  for 
information,  the  focus  here  will  be  on  describing  those  agency  programs  for 
which  the  primary  purpose  is  to  support  three-dimensional  modeling 
relating  to  human-induced  perturbations  of  the  climate  on  time  scales  of 
decades  to  centuries.  Note  that  activities  for  which  the  primary  purpose  is  the 
study  of  processes  and  numerical  techniques  and  development  of 
parameterizations  to  include  in  global  models  and  programs  focused  on 
constructing  models  primarily  to  investigate  atmospheric  chemistry  (e.g., 
stratospheric  ozone)  are  not  included  in  the  set  of  programs  considered  here. 

Agency  Areas  of  Emphasis  in  Climate  Change  Modeling 

Five  agencies  support  research  activities  in  which  full  global  climate 
models  are  being  improved,  tested,  and,  in  some  cases,  used,  to  make 
projections  of  the  future  climate  and  how  it  may  change.  Their  efforts  are 
highly  synergistic  and  complementary,  with  research  programs  that  span 
modeling  needs  ranging  from  integration  of  parameterizations  into  full 
global  models  to  development  of  more  efficient  computing  methodologies, 
and  from  verification  of  models  against  current  cUmates  to  simulation  of  past 
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and  future  climates  and  climatic  variability.  Given  the  complexity  of  the 
climate  system,  the  importance  of  the  issue  being  addressed,  and  the  necessary 
dependence  on  models  because  the  Earth  system  carmot  be  dissected  in  the 
laboratory,  it  is  essential  that  there  be  a  multi-pronged  research  effort  that 
pursues  the  range  of  viable  approaches  and  the  range  of  types  of  inquiry  into 
Earth  system  behavior. 

The  agencies  and  their  areas  of  emphasis  in  climate  change  modeling  are: 

1.  NOAA,  which  focuses  primarily  on  seasonal  to  interannual  prediction 

and  on  improving  understanding  of  long-term  variability  and  change. 
NOAA's  activities  include:  (a)  developing  and  improving  models  of 
the  atmosphere-ocean  system,  (b)  comparing  model  simulations  to 
observations  and  analyses  of  the  processes  that  are  most  influential,  (c) 
simulating  the  potential  climatic  effects  of  increases  in  greenhouse  gas 
concentrations,  and  (d)  understanding  the  confounding  effects  of 
natural  climate  variations  on  the  detection  and  attribution  of  the 
effects  of  human  activities  on  the  climate.  In  addition  to  modeling 
long-term  climate  change,  NOAA  has  emphasized  development  of 
models  capable  of  predicting  the  seasonal  to  interannual  fluctuations 
that  cause  rainfall  extremes  and  other  similar  disruptions  to  regional 
climates,  such  variations  need  to  be  understood  in  order  to  provide  the 
foundation  for  projecting  how  climate  variability  will  change  in  the 
future.  In  addition  to  its  USGCRP  research  component,  which  funds 
research  in  the  universities,  the  NOAA  Environmental  Research 
Laboratories  provide  in-house  support  for  its  efforts. 

2.  NASA,  which  focuses  its  modeling  effort  primarily  on  enhancing  four- 

dimensional  data  assimilation  in  order  to  enable  optimal  use  of 
satellite  data  and  places  special  emphasis  on  the  role  of  data  from 
satellites  and  other  sensors  in  providing  useful  information  to 
improve  predictions.  In  support  of  climate  change  modeling,  NASA 
efforts  emphasize:  (a)  improving  understanding  of  the  relative  roles  of 
the  various  factors  that  are  forcing  climate  change  in  the  present  and 
have  changed  climate  in  the  past,  (b)  analyzing  the  global  scale  effects  of 
feedback  mechanisms  that  can  amplify  or  moderate  climate  change, 
and  (c)  developing  tools  that  help  integrate  together  data  from  satellites 
and  other  sensors  into  a  coherent  record  of  atmospheric  behavior. 
Research  is  both  in-house  at  its  laboratories  and  external  at  universities 
and  research  centers. 

3.  NSF,  which  focuses  on  the  seasonal  to  centennial  period  (in  partnership 

with  NOAA  and  DOE)  and  provision  of  computer  resources  for  the 
research  community.  Its  USGCRP  climate  change  modeling  program 
emphasizes  research  on  coupling  models  of  the  atmosphere,  oceans, 
and  land  surface  into  a  single  integrated  model  capable  of  making  long- 
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term  simulations  of  the  dynamics,  thermodynamics,  biogeochemistry, 
and  hydrology  of  the  global  climate  system.  In  addition  to  this 
development  of  the  knowledge  base  for  climate  change  studies,  NSF 
also  provides  major  computer  resources  for  modeling  activities.  NSF 
also  supports  a  wide  ranging  fundamental  science  research  program 
that  underpins  the  focused  climate  change  modeling  program, 
including  especially  simulations  of  climates  of  the  distant  past,  of 
natural  variations  in  the  present  climate,  and  of  the  interactions  of  the 
various  processes  and  influences  in  determining  the  climate.  Research 
is  sponsored  both  in  universities  and  at  the  National  Center  for 
Atmospheric  Research. 

4.  DOE,  which  focuses  on  decadal  to  centennial  climate  change  and 
variability,  especially  as  affected  by  human  activities,  and  on 
computational  techniques.  Its  climate  change  modeling  program 
emphasizes:  (a)  assessing  the  performance  of  climate  models  through 
an  international  intercomparison  of  the  ability  of  models  to  represent 
the  recent  climate,  (b)  simulating  the  effects  of  carbon  dioxide 
emissions  on  the  climate,  and  (c)  developing  improved  global  models 
by  taking  advantage  of  the  new  generations  of  highly  parallel 
computers.  These  activities  are  intended  to  develop  the  coupled  ocean- 
atmosphere-land  surface  models  that  are  needed  to  make  more 
accurate  climate  projections  over  decades  to  hundreds  of  years  while 
incorporating  high  resolution  and  advanced  process  parameterizations. 
The  objective  is  to  provide  the  advanced  predictive  tools  essential  to 
reducing  uncertainties  about  global  climate  change.  Research  is 
sponsored  in  universities,  in  the  laboratories  and  centers  of  DOE  and 
other  agencies. 

5.  EPA,  which  focuses  its  modeling  research  on  the  chemical  and 
biospheric  interactions  that  are  of  very  direct  concern  to  EPA's  mission. 
Their  research  activities  emphasize  particularly  improving  the 
representation  of  ecosystems  and  biogeochemistry  in  global  models  so 
that  the  effects  of  climate  change  on  the  biosphere  and  of  biospheric 
change  on  the  climate  can  be  projected.  The  research  programs  that 
they  sponsor  are  conducted  primarily  by  scientists  at  research  centers  of 
the  other  agencies  where  major  modeling  activities  are  carried  out. 

In  addition  to  the  efforts  of  these  five  agencies,  the  USDA  supports 
research  focusing  on  the  regional  application  and  interpretation  of  results 
from  global  climate  models  and  the  USGS  supports  research  to  use  global 
model  results  in  the  interpretation  of  the  record  of  the  Earth's  climate,  which 
has  important  implications  also  for  geological  resources. 
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Program  Descriptions 

Descriptions  of  the  focused  USGCRP  research  programs  for  which  the 
primary  emphasis  is  global  climate  change  modeling  are  attached;  note  that 
for  several  of  these  programs,  global  climate  modeling  is  only  one  aspect  of 
the  program's  efforts.^ 

The  attached  table  provides  a  summary  of  the  FY-92  to  FY-94  expenditures 
for  global  climate  change  modeling  activities  within  their  USGCRP  programs. 
In  addition,  a  few  relevant  climate  change  modeling  activities  are  included  in 
the  totals  by  drawing  from  the  broader  set  of  agency  activities  conducted  in 
support  of  environmental  and  general  scientific  research.  As  indicated  in  the 
notes  to  the  table,  the  totals  listed  focus  closely  on  global  modeling  activities 
relating  to  long-term  climate  change  and  do  not  include  the  extensive  efforts 
involved  in  observations,  data  management,  and  process  studies  that  are  a 
necessary  foundation  for  the  testing  and  application  of  the  models. 


^  Note  added  for  November  14  submission  of  report  for  Congressional 
hearing:  these  one  page  descriptions  are  not  included  with  this  memo  in  that 
the  focus  is  more  on  the  overall  program. 
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NATIONAL  SCIENCE  FOUNDATION 

4201   WILSON  BOULEVARD 
ARLINGTON.  VIRGINIA  22230 


nsf  .■  •^y  22,    1995 


OFFICE  OF  THE 

ASSIST  Ahrr  DIRECTOR 

FOR  GEOSCIENCES 

Mr.  Peter  Guerrero 

Director,  Environmental  Protection  Issues 

Resources,  Community,  and  Economic  Development  Division 

U.  S.  General  Accounting  Office 

Washington,  DC.  20548 

Dear  Mr.  Guerrero: 

On  behalf  of  the  Subcommittee  on  Global  Change  Research  (SGCR),  I  would  like  to  thank  you 
and  the  General  Accounting  Office  for  providing  the  opportunity  for  the  five  agencies  supporting 
research  on  global  climate  system  modeling  to  review  the  draf^  version  of  the  new  GAO  report 
entitled  "GLOBAL  WARMING:  Limitations  of  General  Circulation  Models  and  Costs  of 
Modeling  Efforts."  The  SGCR  is  an  interagency  committee  that  has  responsibility  for  oversight  of 
the  U  S  Global  Change  Research  Program  (USGCRP),  for  which  most  of  the  global  modeling 
activities  are  undertaken.  We  welcome  the  interest  of  Congress  and  the  GAO  in  reviewing  the 
scientific  limitations  of  the  models  and  the  progress  being  make  on  research  to  improve  them. 

Pursuant  to  your  request,  copies  of  the  drafl  repon  were  submitted  for  comment  to 
representatives  of  the  Department  of  Energy,  the  National  Aeronautics  and  Space  Administration, 
the  National  Science  Foundation,  the  National  Atmospheric  and  Oceanic  Administration,  the 
Environmental  Protection  Agency,  and  the  White  House  Office  of  Science  and  Technology 
Policy.  Review  of  the  report  was  coordinated  by  Dr.  Michael  MacCracken,  director  of  the  Office 
of  the  USGCRP,  to  whom  the  letter  was  sent;  that  office  supports  the  interagency  SGCR. 

In  reviewing  the  drafl  version  of  the  report  provided  to  us  on  May  3,  the  five  agencies  have 
prepared  a  single,  integrated  response  to  reflect  their  comments,  which  were  all  similar.  Briefly, 
with  respect  to  the  overall  content  of  the  report,  the  agencies  believe  that  it  is  important  for  the 
GAO  to  provide  additional  perspective  on  the  successes  and  accomplishments  achieved  with 
models  in  order  to  provide  context  for  the  description  of  model  limitations  that  is  enumerated  in 
the  GAO  report  The  state  of  modeling  has  advanced  significantly  in  the  past  five  years,  and  while 
models  are  not  yet  fully  adequate  to  accurately  address  all  of  the  questions  being  asked,  they  are 
quite  successful  in  a  number  of  ways.  We  believe  that  readers  of  the  GAO  report  would  benefit 
from  having  both  limitations  and  successes  described,  as  is  done  in  international  and  national 
assessments  This  could  be  readily  accomplished  by  GAO  by  drawing  from  and  then  including  in 
full  our  general  comments  and  the  report  of  the  USGCRP  Model  Forum  that  was  convened  last 
October  and  which  the  GAO  representatives  attended.  We  include  this  Model  Forum  report  as  an 
integral  part  of  our  set  of  general  comments. 


191 


Mr.  Peter  Guerrero 


Page  2 


As  a  second  general  point,  we  think  it  would  be  helpful  for  the  GAO  report  to  indicate  that  the 
agencies  have  a  coordinated  program,  with  each  agency  contributing  to  the  overall  effort.  This  is 
apparent  in  the  complementary  descriptions  of  the  agency  programs  and  areas  of  emphasis  in  the 
appendices,  but  is  not  clearly  articulated  in  the  body  of  the  report 

As  is  most  effective  in  scientific  research,  there  are  indeed  multiple  groups  pursuing  similar 
problems,  but  normally  in  somewhat  different  ways  so  as  to  check  each  other's  findings.  Overall, 
we  believe  the  area  is  underfunded  as  compared  to  international  efforts,  and  for  FY-1995  and 
1996  have  sought  additional  funding  for  these  activities. 

We  appreciated  the  opportunity  to  discuss  these  comments  with  GAO  representatives  at  the 
meeting  on  May  12.  This  letter  represents  the  official  submission  of  comments  by  the  five 
modeling  agencies  included  in  the  report. 


^.Sincerely, 


Robert  W.  Corell 
Assistant  Director  for  Geosciences 
and  Chair,  Subcommittee  on 
Global  Chanee  Research 


Enclosures 


Copy  to: 


Odcll  Pace,  GAO 
A.  Patrinos,  DOE 
M.  Hall,  NOAA 
C.  Riordan,  EPA 
R.  Harriss,  NASA 
J.  Fein.  NSF 
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Combined  DOC/NOAA,  DOE,  EPA,  NASA  and  NSF  Comments  on 

the  April  1995  Draft  GAO  Report  on 

Factors  Limiting  the  Credibility  of  GCMs 

Submitted  May  22,  1995 

Summary 

The  federal  agencies  involved  in  modeling  the  global  climate  system,  and  more  broadly 
the  government  agencies  participating  in  the  U.  S.  Global  Change  Research  Program,  wel- 
come the  interest  of  Congress  and  the  General  Accounting  Office  in  improving  under- 
standing of  the  research  eff^orts  underway  to  provide  a  continually  improving  knowledge 
base  of  the  effects  of  natural  factors  and  human  influences  on  climate,  the  environment,  and 
society.  The  GAO  report  has  the  potential  of  contributing  to  the  effort  of  communicating  the 
many  challenges  faced  in  making  models  that  realistically  represent  the  climate  system.  For 
this  report  to  fully  meet  this  potential,  it  is  the  joint  position  of  DOC/NOAA,  DOE,  EPA, 
NASA,  and  NSF  that  it  would  be  helpful  to  provide  some  perspective  on  what  we  have 
learned  and  can  do  as  context  for  appreciating  the  limitations  that  still  exist.  We  also  think  it 
important  to  point  out  the  efforts  that  are  underway  to  address  the  limitations  that  are  indi- 
cated and  to  improve  the  overall  performance  of  the  model  simulations. 

Background  on  Modeling 

The  people  of  this  nation  and  the  world  face  an  important  challenge  as  their  numbers 
grow  and  their  demand  on  and  use  of  resources  increase  in  ensuring  that  they  do  not  im- 
pose an  unsustainable  debt  on  fiiture  generations  that  is  reflected  in  unprecedented  envi- 
ronmental change  that  overstresses  ecological  and  economic  systems.  Under  the  leadership 
of  President  Bush  in  1989  and  Congress  in  1990,  the  U.  S.  Global  Change  Research  Pro- 
gram was  estabUshed  with  the  goal  of  providing  an  improved  predictive  understanding  of 
the  Earth  system.  To  achieve  tMs  capability,  the  USGCRP  supports  substantial  efforts  to 
document  past  changes,  to  observe  present  conditions,  to  assemble  information  on  emis- 
sions and  alterations  form  human  activities,  and  to  understand  how  nature's  many  proc- 
esses control  the  behavior  of  the  atmosphere,  oceans,  terrestrial  and  marine  ecosystems, 
and  the  polar  snow  and  ice.  These  activities  are  carried  out  in  cooperation  with  nations 
around  the  world  and  provide  the  information  base  needed  to  underpin  the  efforts  to  make 
predictions  from  seasons  to  many  decades  into  the  future.  Given  the  complexity  and  mo- 
mentum of  human  activities  and  environmental  processes,  the  effort  to  make  predictions  is 
truly  one  of  the  most  challenging  intellectual  undertakings  facing  us.  While  progress  can  be 
expected  to  be  slow,  the  choice  of  not  seeking  to  understand  the  full  implications  of  present 
and  future  human  development  activities  would  doom  us  to  continual  surprises  for  which 
the  costs  of  responding  would  likely  be  large.  It  is  in  this  light  that  we  undertake  efforts  to 
predict  the  future  climate. 

While  we  can  leam  much  about  the  behavior  of  the  Earth  system  by  examining  how  it 
has  behaved  in  the  recent  and  geological  past,  there  has  been  no  time  in  the  past  (except  for 
the  catastrophic  conditions  following  major  asteroid  impacts)  when  the  change  in  atmos- 
pheric composition  has  occurred  as  rapidly  as  it  is  being  affected  by  human  activities  today. 
For  this  reason,  and  others,  the  past  can  provide  insight  about  what  factors  will  change  the 
climate  and  by  roughly  how  much,  but  caimot  be  used  to  project  conditions  into  the  future. 
For  that,  our  only  tool  is  to  combine  as  much  of  our  current  understanding  as  we  can  into 
comprehensive  numerical  models  of  the  Earth  system  and  then  to  use  these  models 
(referred  to  as  GCMs)  to  conduct  "experiments"  on  what  can  be  expected  to  happen  in  the 
event  of,  for  example,  tropical  deforestation  or  unrestrained  use  of  coal,  oil,  and  natural 
gas,  or  widespread  changes  in  land  use  through  agricultural  expansion  or  reforestation. 
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Ideally,  models  are  the  only  viable  tool  for  such  efforts,  taking  up  where  human  minds  be- 
come limited,  by  being  able  to  incorporate  as  many  of  the  interacting  processes  and  influ- 
ences as  are  understood  in  a  quantitative  manner  that  subdivides  the  world  into  tens  of 
thousands  of  finite  domains  and  that  does  not  leave  out  what  may  incorrectly  be  thought  to 
be  minor  influences  which  can  have  amplifying  or  moderating  effects.  While  computers  can 
do  the  needed  hundreds  of  trillions  of  calculations  that  are  necessary,  scientists  are  careful 
to  make  sure  they  understand  what  is  happening  before  they  place  high  confidence  in  model 
results.  To  help  in  this  process,  the  model  experiments  provide  vast  amounts  of  data  to  help 
understand  how  well  models  are  matching  real  world  behavior,  why  changes  and  events 
are  occurring,  whether  the  events  were  a  result  of  human  activities  or  simply  natural  fluc- 
tuations, and  whether  the  results  are  dependent  on  aspects  of  the  Earth  system  behavior  that 
we  understand  well  (and  so  should  have  high  confidence  in)  or  aspects  that  are  relatively 
uncertain  and  not  in  accord  with  records  of  past  chmatic  behavior  (in  which  case  we  should 
withhold  our  confidence  and  focus  our  attention  on  research  to  further  our  understanding  of 
the  model  results  and  to  make  indicated  improvements). 

Important  examples  of  where  GCMs  in  the  United  States  and  in  other  nations  have 
demonstrated  increasing  skill  are  in  their  ability  to  represent  seasonal  changes  in  climate,  to 
represent  the  departures  from  the  normal  seasonal  to  interannual  pattem  of  changes  in  the 
low  latitudes  where  the  El  Nino  cycle  increases  eastern  Pacific  Ocean  surface  temperatures, 
to  represent  the  few  year  cooling  and  subsequent  recovery  following  major  volcanic  erup- 
tions such  as  Mt.  Pinatubo  in  1991,  to  represent  the  chmates  of  periods  in  the  geologic  past 
that  had  significantly  warmer  or  colder  climates,  and  to  represent  the  recent  gradual  warm- 
ing that  may  be  attributable  to  human  activities. 

Gaining  an  Understanding  of  Model  Results 

Models  are  a  tool  for  helping  scientists  understand  what  is  happening.  The  results  of 
models  are  evaluated  in  the  context  of  all  that  is  understood  about  Earth  system  behavior. 
One  step  in  the  process  of  gaining  acceptance  of  model  results  is  the  publication  of  peer- 
reviewed  journal  articles  describing  the  results,  a  very  rigorous  process  that  both  forces 
careful  analysis  by  the  model  developers  and  calls  into  question  those  results  where  models 
and  observations  do  not  match.  The  progress  of  science  is  slowed  when  those  putting  forth 
and  those  criticizing  model  results  do  not  equally  participate  in  this  process. 

To  achieve  a  synthesizing  of  scientific  understanding  that  considers  results  from  all 
sides  of  the  spectrum,  various  bodies  convene  review  and  assessment  panels.  Most  promi- 
nent internationally  is  the  Intergovernmental  Panel  on  Climate  Change  (IPCC)  which  peri- 
odically publishes  assessment  reports  that  are  drafted  by  an  intemational  team  of  expert 
authors,  reviewed  by  an  intemational  array  of  scientific  experts,  and  then  reviewed  by  the 
countries  of  the  world,  each  responsible  for  organizing  their  own  review  effort.  Preparation 
of  the  Second  (pentadal)  IPCC  Assessment  is  underway,  and  the  United  States  country  re- 
view process  has  involved  hundreds  of  invited  expert  scientists  (spanning  a  wide  range  of 
perspectives  on  the  issues),  agency  program  leaders,  and  stakeholders  from  industrial  and 
environmental  groups.  The  IPCC  and  other  reviews,  for  example  by  the  National  Academy 
of  Sciences,  provide  a  highly  considered  analysis  of  the  state  of  scientific  understanding 
and  deserve  great  weight  by  decision  makers. 

Independent  evaluations  of  the  scientific  results  are  another  means  for  gaining  under- 
standing; however,  they  are  often  difficult  to  perform  well  and  completely  due  to  the  wide 
range  of  knowledge  needed  and  the  limited  time  to  pursue  the  process.  This  GAO  report  is 
an  example  of  an  effort  for  an  independent  analysis.  Based  on  the  request  from  Congress- 
man Dingell,  the  GAO  has  investigated  and  analyzed  research  underway  regarding  GCMs 
in  order  to  provide  an  enumeration  of  present  hmitations  in  the  best  available  models.  While 
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we  have  no  significant  difference  with  the  GAO  analysis  in  response  to  the  very  specific 
request,  the  U.  S.  Government's  modeUng  agencies  beUeve  that  contemporaneously  pro- 
viding a  summary  of  what  models  do  well  is  needed  in  order  to  provide  perspective  on  un- 
derstanding where  science  stands  in  making  useful  projections  about  future  conditions. 

What  Models  Are  Projecting  for  the  Future 

To  help  focus  in  particular  on  the  performance  of  models  in  support  of  the  GAO  study 
(and  for  other  reasons),  the  Subcommittee  on  Global  Change  Research  convened  a  group 
of  scientists  ranging  from  modelers  to  model  critics  and  asked  them  to  attempt  to  provide  a 
consensus  summarization  of  the  current  state  of  scientific  understanding.  While  some 
doubted  that  this  could  be  achieved,  it  has  been  accomplished.  In  brief,  the  group  of  scien- 
tists (after  considerable  discussion  and  written  reviews,  but  ultimately  without  recorded 
dissent)  agreed  upon  a  series  of  statements  with  the  appropriate  degree  of  confidence  indi- 
cated and  that  are  supported  both  by  model  results  and  by  overall  scientific  understanding. 
The  resulting  statement  of  the  participants  in  the  USGCRP  Model  Forum  has  just  been 
published  (in  slightly  condensed  form)  in  EOS  (the  transactions  of  the  American  Geophysi- 
cal Union)  and  is  being  published  in  full  by  the  U.  S.  Global  Change  Research  Program  (a 
prepublication  draft  that  may  be  released  is  included  as  an  appendix  to  this  response). 

Extracting  from  the  fiill  report  (which  should  be  read  in  full  to  appreciate  the  basis  for 
the  statement),  the  scientists  agree  that: 

•  Human  activities  are  increasing  atmospheric  concentrations  of  gases  and  this  will  en- 

hance the  natural  greenhouse  warming  effect, 

•  Aerosol  concentrafions  are  increased  due  to  human  activities  and  they  can  exert  a 

cooling  influence  on  climate, 

•  Greenhouse  gases  (but  not  the  aerosols)  are  generally  long-lived  in  the  atmosphere 

and  the  Earth  will  thus  have  a  prolonged  warming  influence  from  human  activities, 

•  Projected  emissions  of  these  gases  will  increase  their  concentrations  significantly  in 

the  future, 

•  Stratospheric  cooling  and  surface  warming  to  be  expected  from  past  emissions  of 

gases  and  aerosols  have  already  started, 

•  Further  warming  over  the  next  century  is  very  probably  in  the  range  of  0.5  to  2  C  (1 

to  4  F), 

•  Sea  level  will  very  probably  rise  at  an  accelerating  rate, 

•  Global  precipitafion  and  evaporation  will  increase  but  not  uniformly  everywhere, 

•  Arctic  lands  will  very  probably  experience  an  amplified  winter  warming  and  mid- 

lafitude  continents  will  probably  experience  drier  summer  conditions, 

•  Changes  in  climate  variability  (including  changes  in  tropical  storm  intensity)  are  pos- 

sible but  too  uncertain  to  specify, 

•  Details  of  changes  over  the  next  25  years  are  uncertain  due  to  possible  natural  varia- 

tions in  the  climate,  and 

•  Biospheric  feedbacks  omitted  from  the  models,  while  uncertain,  could  somewhat  am- 

plify or  moderate  the  changes. 
This  set  of  statements  indicates  that  significant  progress  in  understanding  has  been  made 
over  the  past  decade;  however,  there  was  agreement  that,  while  progress  will  be  occurring 
each  year,  it  will  require  another  decade  and  more  of  research  to  significantly  improve  con- 
fidence in  the  projected  regional  details  of  the  anticipated  changes.  The  participants  then 
pointed  out  nine  specific  opportunities  where  sustained  or  intensified  research  would  bring 
important  gains  in  understanding  and  predictive  capabilities,  a  set  that  is  closely  related  to 
the  set  of  limiting  uncertainties  identified  in  the  GAO  report. 
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USGCRP  Research  on  GAO-Identified  Limiting  Uncertainties 

The  USGCRP  goal  is  to  improve  predictive  understanding  of  the  Earth  system.  Its  re- 
search program  is  thus  focused  on  reducing  the  limitations  that  restrict  the  abilities  of  mod- 
els to  make  more  accurate  projections.  In  particular,  significant  resources  are  being  devoted 
to  removing  and  reducing  the  limitations  identified  by  the  GAO.  We  would  offer  the  fol- 
lowing comments  on  what  we  are  doing  to  respond  for  each  of  the  hmitations  identified  by 
the  GAO  (we  would  note  that  the  identified  set  of  limitations  is  somewhat  overlapping,  and 
the  set  of  USGCRP  responses  and  activities  is  similarly  so). 

1.  Inadequate  Representation  of  Processes  Affecting  the  Climate.  The  USGCRP  is  devot- 
ing approximately  30%  of  its  $1.8B  budget  to  conducting  research  aimed  at  improving  sci- 
entific understanding  of  processes  controlling  and  influencing  the  climate.  Process  studies, 
which  are  generally  conducted  with  international  cooperation,  include  major  studies  to  un- 
derstand the  global  water  cycle,  ocean  circulation,  cloud-radiation  interactions,  land  surface 
processes,  atmospheric  chemistry,  and  other  processes.  In  addition,  the  USGCRP  is  sup- 
porting a  series  of  model  intercomparison  studies  to  improve  understanding  of  how  well 
models  represent  the  present  climate  and,  thereby,  to  identify  which  processes  are  not  ade- 
quately represented  and  on  which  research  should  be  focused.  An  important  recent  accom- 
plishment in  the  development  of  models  that  more  adequately  represent  Earth  system  proc- 
esses is  the  development  of  the  second  generation  Community  Climate  Model  (CCM2)  at 
the  National  Center  for  Atmospheric  Research. 

2.  Exclusion  of  Critical  Processes.  It  is  important  to  understand  that  not  all  processes  are 
equally  important;  most  models  include  all  of  the  processes  that  are  most  important,  in- 
cluding radiation,  water  vapor,  convection,  sea  ice,  land  surface  exchanges,  and  many 
more.  The  USGCRP  is  supporting  efforts  by  major  modeling  groups  to  include  an  even 
more  complete  set  of  processes  in  their  models  and  is  supporting  a  major  international 
model  intercomparison  project  (AMIP)  to  identify  systematic  errors  in  GCMs.  Processes 
now  receiving  attention  include  sulfur  aerosols,  cloud  water  and  cloud  microphysics,  sur- 
face exchange  processes  including  vegetation,  and  horizontal  and  vertical  mixing  in  the 
oceans.  Substantial  progress  is  now  being  made  toward  accurate  simulation  of  longer  term 
climate  components,  particularly  the  deep  ocean,  sea-ice,  and  terrestrial  vegetation.  A  new 
global  ocean  model  developed  through  an  unprecedented  collaborative  effort  among 
NCAR,  the  Naval  Postgraduate  School,  and  the  Los  Alamos  National  Laboratory  has  a 
resolution  of  less  than  20  km  (about  13  miles),  which  results  in  a  significantly  improved 
representation  of  oceanic  heat  transport.  When  coupled  to  improved  atmospheric  models 
(e.g.,  CCM2),  significant  improvements  in  long-term  simulations  will  be  realized. 

There  also  remain  critical  biospheric  and  chemical  interactions  to  include.  In  addition, 
and  not  mentioned  specifically  in  the  GAO  report,  it  is  essential  to  fully  represent  land  and 
cryospheric  components  and  their  interactions  in  climate  models.  The  USGCRP  is  moving 
actively  to  support  such  efforts. 

3.  Inadequate  Representations  of  Interactions  Among  Variables  [the  text  actually  refers  to 
Earth  system  components  rather  than  variables].  The  USGCRP  is  strengthening  efforts  to 
couple  models  of  the  atmosphere,  the  oceans,  sea  ice,  and  the  land  surface  in  order  to  pro- 
vide models  that  can  adequately  represent  the  exchanges  of  fluxes  which  couple  the  system 
components.  It  is  essential  that  all  of  these  components,  including  also  land  glaciers,  be 
represented  in  simulations  of  the  long-term  climate.  Two  specific  examples  of  USGCRP 
efforts  include  the  Climate  System  Modeling  program  of  NSF  and  the  Earth  system  mod- 
eling program  of  EPA. 

4.  Inadequate  Representations  of  or  Accounting  for  Feedback  Mechanisms.  Present  mod- 
els include  representations  of  many  of  the  most  in^rtant  feedbacks,  but  more  and  more 
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intense  observational  studies  are  indicating  shortcomings  that  currently  are  present  in  the 
parameterizations.  As  indicated  in  response  to  the  first  point,  the  USGCRP  is  devoting 
about  30%  of  its  budget  to  improving  understanding  of  processes  and  feedback  mecha- 
nisms. As  one  example,  a  number  of  programs  are  underway  to  better  understand  the  role 
of  cloud-radiation  interactions,  particularly  as  they  relate  to  absorption  of  solar  radiation, 
cloud  changes  in  height  and  extent  as  climate  changes,  etc.  The  USGCRP  is  also  studying 
past  climatic  conditions  as  a  means  of  trying  to  identify  potential  surprises  and  changes  that 
nature  may  have  hidden  from  those  studying  the  present  climate. 

5.  Insufficient  Computer  Power.  The  Earth  system  is  large  and  complex,  with  proc- 
esses taking  place  on  spatial  scales  from  the  microscopic  to  the  global  and  on  temporal 
scales  from  seconds  to  centuries  (and  beyond).  Representing  the  necessary  elements  of  this 
system  needed  to  make  projections  of  future  climate  requires  extensive  computer  resources. 
While  it  does  no  good  to  compute  when  processes  are  not  well  enough  understood,  we  un- 
derstand enough  about  the  most  important  processes  to  make  informative  calculations  that 
are  significantiy  beyond  the  computer  resources  that  are  currenUy  available  for  this  pur- 
pose. More  computing  power  is  needed  not  only  for  storing  and  analyzing  vast  amount  of 
data  but  also  for  running  high  resolution  GCMs  for  long-term  simulations,  and  doing  so 
multiple  times  to  improve  the  statistical  validity  of  the  results.  Such  long-time  simulations 
are  needed  to  test  how  well  the  interannual  to  decadal  variabihtes  are  simulated,  to  test  the 
climate  changes  under  various  scenarios  (e.g.,  doubled  carbon  dioxide),  and  to  carry  out 
predictability  studies  for  various  forcing  sensitivities. 

To  address  the  near-term  problem,  the  USGCRP  through  NSF  has  established  a  spe- 
cial-use, dedicated  climate  system  modeling  computing  facility  known  as  the  Climate 
Simulation  Laboratory  (CSL)  in  cooperation  with  NCAR.  This  faciUty  will  provide  state- 
of-the-art  computer  resources  and  data  storage  systems  for  use  in  major  modeling  research 
simulations,  especially  those  that  will  support  the  IPCC  and  other  assessment  efforts  where 
computer  resources  are  short.  The  facility  is  open  to  all  investigators  funded  or  supported 
by  a  U.S.  university  or  federal  or  private  not-for-profit  laboratory.  The  CSL  encourages 
simulations  of  multi- 100-year  runs  with  coupled  climate  models  and  very  large  ensembles 
of  seasonal  to  interannual  predictability  runs.  For  the  longer-term,  DOE's  CHAMMP  pro- 
gram is  already  making  progress  in  overcoming  the  challenges  of  using  the  new  massively 
parallel  computers(with  their  promise  of  greaUy  reduced  cost  per  compute  cycle)  to  address 
the  climate  issue. 

6.  Cold  Start  Error.  There  are  three  causes  of  the  "cold  start"  error.  One  is  that  we  do  not 
have  detailed  observations  of  the  oceans  back  in  time  as  we  do  for  the  atmosphere;  as  a  re- 
sult, we  can  only  start  with  conditions  that  approximate  the  actual  conditions  in  the  oceans 
at  various  times  in  the  past.  A  second  cause  of  the  "cold  start"  error  is  the  lack  of  under- 
standing of  ocean  and  atmospheric  processes.  To  help  alleviate  these  problems,  the 
USGCRP  is  supporting,  along  with  other  nations,  major  field  programs  to  observe  and 
understand  the  oceans.  New  data  sets,  such  as  that  from  the  TOPEX/POSEIDON  satellite, 
will  enable  more  realistic  initialization  of  the  global  ocean,  a  major  factor  in  "cold  start"  er- 
rors. The  third  cause  of  the  "cold  start"  error  is  the  unavailability  of  adequate  computer  re- 
sources. With  adequate  physical  and  spatial  representation  of  the  oceans  and  with  the  ability 
to  carry  out  very  long  simulations,  scientists  will  be  better  able  to  reduce  the  problem.  Al- 
ready, models  with  finer  spatial  resolutions  are  showing  reduced  flux  imbalances  between 
the  atmosphere  and  oceans  and  this  will  help  in  not  exacerbating  the  cold  start  problem. 

7.  Inability  to  Project  Regional  Changes  in  Climate.  The  ultimate  goal  of  the  USGCRP  is 
to  be  able  to  project  climatic  changes  on  scales  of  interest  to  those  evaluating  the  risks  and 
benefits  of  climiatic  change.  Achieving  regional  resolution  in  climate  models  requires  both 
incorporation  of  additional  processes  and  significantiy  increased  computer  resources 
(requirements  increase  by  about  a  factor  of  ten  for  each  halving  of  the  spatial  resolution). 


197 


As  indicated  above,  the  USGCRP  is  supporting  both  process  research  to  improve  under- 
standing of  what  processes  must  be  treated  and  to  provide  increased  computer  resources. 
As  a  result  of  these  efforts,  models  are  beginning  to  show  improved  representations  of  re- 
gional features  over  subcontinental  areas  such  as  the  Sahel  and  the  central  United  States. 

In  addition,  to  begin  to  explore  regional  changes,  the  USGCRP  is  supporting  use  of 
high-resolution,  sub-continental  scale  models  to  look  at  domains  such  as  the  western 
United  States.  Such  models  cannot  be  run  very  long  times,  so  do  not  yet  provide  climatic 
information  but  do  provide  some  indications  of  how  specific  global  climate  changes  may  be 
manifested  at  the  regional  scale. 

Summary 

Overall,  the  USGCRP  finds  the  GAO  report  an  interesting  and  useful  perspective  on 
the  most  important  factors  limiting  the  credibility  of  the  results  of  GCMs.  At  the  same  time, 
there  are  many  important  successes  of  GCMs  that  give  credibility  to  major  aspects  of  their 
results.  We  have  attempted  to  describe  these  as  well  as  the  steps  we  are  taking  to  address 
the  important  scientific  limitations  identified  by  the  GAO  in  its  report. 
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Earth  System  Modeling  Activities  in  the  United  States 

Summary'  prepared  by 

Michael  C.  MacCracken,  Director 

Coordination  Office  of  the  USGCRP 

February  1995  (revised:  November  14, 1995) 

Executive  Summary 

•  A  wide  array  of  modeling  activities  are  undertaken  in  support  of  the 
need  to  provide  society  the  best  possible  predictions  of  the  future  state  of  the 
weather,  anomalous  seasonal  events  such  as  floods  and  droughts, 
fluctuations  in  the  frequency  of  climatic  extremes,  emd  long-term  changes  in 
the  climate. 

•  These  activities  are  imdertaken  at  a  combination  of  centers, 
universities,  and  government  laboratories,  with  important  support  in 
building  the  scientific  foundation  for  improving  the  quality  of  predictions 
rooted  in  the  academic  research  community. 

•  These  activities  are  supported  by  government  agencies  having 
mission-related  responsibilities  and  scientific  research  responsibilities, 
including  especially  NOAA,  NASA,  NSF,  DOE,  and  EPA.  Further  application 
activities  are  supported  by  the  USD  A,  USGS,  and  other  agencies  to  support 
their  natural  resource  and  environmental  responsibilities. 

•  Taken  together,  this  spectrum  of  activities  provides  the  strong, 
intercoupled,  coordinated,  and  complementary  research  and  applications 
structure  to  meet  public  and  private  sector  information  needs  for  the  many 
and  diverse  decisions,  challenges,  and  opportunities  which  society  faces. 

Introduction 

The  Earth's  environmental  system  encompasses  the  atmosphere,  the 
oceans  and  marine  life,  the  land  surface  and  vegetation,  snow  and  sea  ice,  and 
glaciers  and  icecaps.  Dynamic,  thermodynamic,  hydrologic,  chemical,  and 
biological  processes  and  feedbacks  determine  the  state  of  these  systems  and 
provide  connections  between  them  that  make  each  component  dependent  on 
all  of  the  others.  Because  of  the  complexity  of  this  interconnected  system  and 
because  it  cannot  be  reconstructed  and  experimented  with  in  the  traditional 
laboratory  sense,  numerical  models  are  used  to  simulate  Earth  system 
behavior  and  its  fluctuations,  variations,  and  response  to  perturbations, 
including  impacts  on  the  system  that  might  result  as  a  consequence  of  human 
activities.  Earth  system  models  are,  within  the  limits  of  available  resources 


'  Note  added,  November  14, 1995:  This  memorandum  received  a  first  round  informal  review  by  the  agencies 
with  major  modeling  programs  in  early  1995,  but  has  not  received  a  full  agency  review,  and  therefore  is 
likely  not  complete.  In  additions,  since  it  was  prepared,  some  programs  have  changed  somewhat  and  an 
update  would  be  needed  to  be  fiiUy  current 
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and  ingenuity,  designed  to  include  as  much  of  the  important  and  relevant 
physics,  chemistry,  and  biology  as  is  understood  and  as  is  needed  to  address 
particular  questions  posed  to  the  models,  most  importantly,  the  forecasting 
and  prediction  of  how  the  climate  will  change  in  the  future  as  a  result  of 
natural  and  human  activities. 

There  is  a  broad  set  of  global  environmental  issues  to  which  Earth 
system  models  are  being  applied,  ranging  from  weather  forecasting  to  climate 
change  (note  that  models  of  more  limited  spatial  domain  are  also  applied  to 
regional  issues  such  as  air  quality,  severe  storm  forecasting,  etc.).Within  most 
of  these  global  environmental  areas,  there  is  an  intricate  and  well-developed 
interdependence  of  research  centers  that  focus  on  applications  and  research 
activities,  mainly  in  academia  and  government  laboratories,  where  there  are 
supporting  efforts  to  develop  the  improved  understanding  needed  to  provide 
improved  parameterizations  of  important  processes  and  ultimately  improve 
predictions  and  forecasts. 

Global  Modeling  Activity  Areas 

Global  environmental  models  are  being  applied  to  a  number  of  different 
challenges,  as  described  in  this  section.  For  each  of  the  areas,  a  brief  listing  is 
provided  of  the  major  centers  involved  in  operational  forecasting  or  applied 
simulations  and  an  indication  is  given  of  the  basis  for  their  research  and 
development  effort.  Note  also  that  each  of  these  centers  is  involved  in  a 
range  of  related  activities,  including  data  assembly  and  assimilation,  model 
testing  and  verification,  outreach  to  users  of  the  data,  etc.  Supporting  each  of 
these  areas  is  a  widespread  and  interlocking  base  of  fundamental  research  and 
development  activities,  most  extensively  conducted  in  the  university 
research  community.  The  major  global  environmental  application  areas  are: 

a.  Forecasting  weather,  hurricanes,  and  other  severe  storms  and  weather 
extremes.  Numerical  weather  prediction  (NWP)  models  provide  forecasts 
of  the  development  and  evolution  of  the  weather  (i.e.,  of  specific  storms, 
fronts,  pressure  systems,  etc.)  out  to  several  days  to  a  week  in  advance, 
which  is  the  time  at  which  the  skill  of  synoptic  forecasts  that  can  be  made 
today  declines  below  useful  levels.  On  these  time  scales,  models  must 
include  accurate  interactive  representations  of  the  atmosphere  and  of 
ground  surface  wetness;  the  more  slowly  evolving  states  of  the  oceans,  sea 
ice,  vegetative  cover,  and  atmospheric  chemistry  can  generally  be  treated 
as  specified  based  on  observations.  For  predictions  beyond  about  a  day, 
results  are  more  accurate  if  the  entire  global  system  is  represented  in  the 
models  than  if  only  North  America  or  even  the  Northern  Hemisphere  is 
represented.  For  predictions  of  severe  weather  systems  (e.g.,  hurricanes, 
tornado  outbreaks,  etc.),  fine  resolution,  limited  domain  models  (e.g., 
covering  the  Caribbean  or  central  U.  S.)  are  showing  increasing  skill; 
because  these  models  are  not  global,  they  are  not  further  treated  here. 
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The  NWP  modeling  centers  in  the  U.  S.  are: 

i.  NOAA's  National  Meteorological  Center  (NMC)  in  Suitland,  MD 
provides  forecasts  of  the  weather  out  to  about  ten  days  in  advance  for 
the  U.  S.  using  a  global  model.  NOAA  also  serves  as  a  back-up  for  the 
DoD  weather  service  (see  below)  and  for  the  weather  services  of  other 
nations  around  the  world,  including  especially  Canada  and  Europe. 
The  NMC  maintains  a  strong  in-house  model  development  and 
verification  program  and  relies  on  research  and  development  activities 
at  NOAA  laboratories,  universities,  and  other  agency  laboratories 
through  cooperative  agreements,  grants,  and  other  arrangements. 

ii.  DoD's  Fleet  Numerical  Meteorological  and  Oceanographic  Center 
(FNMOC)  in  Monterey,  CA  provides  operational  forecasts  for  the 
military  services  around  the  world.  This  Navy  center  uses  a  global 
atmosphere  and  upper  ocean  model  to  forecast  atmospheric  and  upper 
ocean  conditions.  Air  Force  Global  Weather  Center  at  Offutt  AFB,  NB 
provides  extensive  support  in  interpretation  of  forecasts  for  air 
operations.  The  Stennis  Space  Center  in  Bay  St.  Louis,  MS  provides 
forecasts  of  coastal  oceanographic  conditions.  FNMOC  serves  as  backup 
to  the  NOAA  center  for  weather  forecast  over  the  U.  S.  Research  and 
development  activities  include  a  strong  in-house  effort  and  highly 
focused  research  activities  supported  by  DoD  that  depend  on  the  strong 
research  base  generated  in  the  civilian  research  community. 

Research  and  development  activities  relating  to  improving  the  skill  of 
weather  forecasts  are  supported  by  a  number  of  agencies,  with  much 
research  taking  place  in  imiversities.  The  tailoring  of  the  results  of 
weather  forecasts  for  presentation  to  the  public,  for  use  by  the  private 
sector,  and  for  study  of  weather  related  interactions  with  societal  activities 
are  conducted  by  private  sector  meteorologists,  by  the  academic 
community,  and  by  government  agencies  (e.g.,  by  USDA  to  fulfill  its 
responsibility  for  crop  forecasting).  Additional  information  is  available 
from  the  interagency  Office  of  the  Federal  Director  for  Meteorology. 

b.  Forecasting  monthly  to  interannual  anomalies  in  temperature  and 
precipitation.  In  addition  to  the  atmosphere,  models  designed  to  attempt 
these  predictions  must  represent  processes  and  feedbacks  that  involve  the 
upper  ocean,  land  surface,  snow  cover,  and  sea  ice  for  it  is  these  factors  that 
cause  the  actual  climate  in  particular  regions  and  seasons  to  be  different 
than  the  multi-decadal  average  state  of  the  climate.  For  many  years  such 
forecasts  showed  no  significant  skill  because  the  mechanisms  and  forces 
causing  these  variations  were  not  adequately  understood;  as  a  result 
various  empirical  forecasting  techniques  were  proving  about  as  accurate 
(or,  more  correctly,  of  as  limited  accuracy)  as  global  scale  models.  Recent 
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research  advances,  however,  have  demonstrated  that  over  wide  areas  of 
the  tropics,  anomalous  conditions  can  be  predicted  out  to  more  than  a  year 
if  the  sea  surface  temperatures  of  the  eastern  tropical  Pacific  Ocean  can  be 
predicted.  Coupled  models  of  the  atmosphere  and  upper  ocean  are  now 
yielding  useful  predictions  of  the  ocean  warming,  of  the  El 
Nino/Southern  Oscillation  (ENSO),  and  of  the  anomalously  wet  and  dry 
seasonal  conditions  that  result  from  the  ENSO  cycle.  The  international 
Global  Ocean-Atmosphere-Land  System  (GOALS)  research  program  has 
been  designed  to  attempt  to  extend  the  predictive  ability  of  global  models 
to  middle  latitudes,  particularly  over  North  America. 

i.  The  International  Research  Institute  (IRI)  for  seasonal  to  interannual 
climate  prediction  is  being  proposed  as  an  operational  forecasting 
center  focusing  initially  on  making  forecasts  of  the  evolution  of  the  El 
Nino/Southern  Oscillation  and  its  consequent  changes  in  precipitation 
patterns  in  the  tropics  and  low  latitudes  (including  the  southwestern 
United  States).  The  modeling  research  underpinning  the  advance  in 
predictive  skill  that  led  to  the  proposal  for  the  center  has  been 
conducted  at  a  number  of  universities  and  centers  as  part  of  the 
international  Tropical  Ocean-Global  Atmosphere  (TOGA)  program. 

ii.  NOAA'  s  Climate  Prediction  Center  in  Suitland,  MD  has  for  many 
years  issued  one  and  three  month  forecasts  for  the  United  States  based 
on  empirical  and  analog  techniques.  They  have  recently  added  results 
from  coupled  ocean-atmosphere  models  to  the  blend  of  inputs  used  to 
generate  the  forecasts  and  are  providing  regular  forecasts  out  to  a  year 
in  advance.  The  research  base  for  their  improved  predictions  includes 
in-house  research  scientists  and  scientists  in  the  broader  research 
community. 

iii.  DoD's  Stennis  Space  Center  in  Bay  St.  Louis,  MS  and  their  Fleet 
Numerical  Meteorological  and  Oceanographic  Center  in  Monterey,  CA 
are  making  experimental  forecasts  over  monthly  to  interannual  time 
periods  to  assist  in  supporting  the  international  activities  and 
responsibilities  of  the  military  services.  The  research  base  for  these 
activities  is  both  in-house  and  drawn  from  the  academic  research 
community. 

Research  supporting  the  development  of  the  emerging  predictive  skill  for 
seasonal  forecasting  is  conducted  at  a  wide  variety  of  institutions. 
Participating  academic  institutions  in  the  U.  S.  include  especially  the 
Lamont-Doherty  Earth  Observatory,  the  Scripps  Institution  of 
Oceanography,  Florida  State  University,  the  University  of  Washington, 
and  UCLA.  Within  government  agencies,  major  centers  of  effort  include 
NOAA's  Geophysical  Fluid  Dynamics  Laboratory  (GFDL)  at  Princeton,  NJ, 
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NASA  Goddard's  Laboratory  for  Atmospheres  in  Greenbelt,  MD,  and 
NSF's  National  Center  for  Atmospheric  Research  (NCAR)  in  Boulder  CO. 

c.  Understanding  and  predicting  decadal  variations  in  climatic  patterns. 
Over  periods  of  decades,  the  frequency  of  various  climatic  conditions  can 
vary,  yielding  dry  and  wet  periods  (e.g.,  in  California,  in  the  Sahel),  warm 
and  cold  winters  (e.g.,  in  the  northeastern  U.  S.),  and  in  summer  soil 
moisture  in  agricultural  regions  (e.g.,  in  the  Great  Plains).  While  these 
changing  patterns  are  observed,  there  is  not  yet  skill  in  forecasting  such 
conditions  because  of  inadequate  understanding  of  the  fundamental 
mechanisms  governing  ocean  circulation  change  and  other  influential 
factors  (e.g.,  occurrence  of  multiple  major  volcanic  eruptions,  solar 
variations).  Models  to  forecast  decadal  variations  in  climate  must  include 
accurate  representations  of  the  atmosphere,  oceans  (especially  bottom 
water  formation  and  related  processes),  and  the  land  surface.  Present 
models  are  now  being  used  to  understand  variations  and  fluctuations  in 
climate  during  the  twenty  first  century  as  a  means  of  investigating  the 
factors  that  cause  fluctuations  and  variations.  Major  activities  are  also 
underway  to  test  the  abilities  of  models  to  represent  these  changes  and  to 
derive  comprehensive  data  sets  from  the  recent  record  to  use  in  the 
development  of  models  and  to  understand  the  causes  of  climatic 
variations. 

i.  The  Institute  for  Global  Environment  and  Society  (IGES),  a  non-profit 
center  supported  jointly  by  NOAA,  NASA,  and  NSF,  is  carrying  out  a 
wide  range  of  simulations  of  the  climates  of  the  twentieth  century.  A 
number  of  groups  developing  models  for  use  in  generating  decadal  to 
centennial  projections  are  starting  to  use  this  period  as  a  verification 
test  for  their  models,  although  to  fully  do  this  will  require  improved 
understanding  of  why  the  variations  and  fluctuations  occurred.  The 
academic  research  community  is  developing  a  stronger  interest  in 
investigating  this  period  because  of  the  availability  of  observations  and 
the  importance  of  identifying  signs  of  human  influences  on  the 
climate. 

ii.  DOE's  Program  for  Climate  Model  Diagnosis  and  Intercomparison 
(PCMDI)  is  coordinating  an  international  effort  to  test  the  abilities  of 
atmospheric  models.  This  inter\sive  model  verification  effort  is 
currently  focusing  on  the  ability  of  models  to  reproduce  the  climatic 
variations  of  the  period  since  1979  and  to  simulate  the  radiative  fluxes 
observed  by  satellites  and  measured  at  the  surface.  More  than  a  dozen 
modeling  groups  from  within  the  U.  S.  and  a  comparable  number  of 
groups  from  overseas  have  modified  their  models  (some  normally 
used  for  quite  different  purposes)  to  participate  in  the  various 
intercomparison  and  diagnostic  activities.  While  the  emphasis  has 
been  on  evaluating  the  accuracy  of  models  to  be  used  in  long-term 


203 


climate  simulations,  the  results  of  this  intercomparison  effort  are 
proving  of  benefit  to  models  being  used  on  all  time  scales,  from 
weather  forecasting  to  paleoclimate. 

iii.  NOAA  and  NASA  are  both  supporting  use  of  global  models  to 
construct  comprehensive  records  of  atmospheric  behavior  over  the 
past  few  decades.  This  use  of  models  aids  in  assimilating  the  many 
types  of  observations  available  over  the  past  few  decades  and  expected 
to  be  gathered  in  the  future  into  self-consistent  records  of  atmospheric 
behavior.  NOAA's  National  Meteorological  Center  in  Suitland,  MD  is 
focusing  on  assimilating  observations  gathered  for  weather  forecasting 
over  the  past  30  years  (and  possibly  longer)  into  a  record  of  past 
behavior.  NASA's  Goddard  Space  Flight  Center  in  Greenbelt,  MD  is 
focusing  on  developing  the  capability  for  incorporating  into  the 
assimilation  stream  the  many  satellite  measurements  being  taken  at 
present  and  to  be  gathered  by  the  Earth  Observing  System  satellites. 

Research  supporting  these  various  activities  is  supported  by  several 
agencies  and  involves  researchers  in  the  academic  research  community 
and  in  government  laboratories  and  centers.  The  number  of  participating 
scientists  is  quite  large,  commensurate  with  the  record  for  the  past  few 
decades  exhibiting  a  rich  array  of  climatic  variations,  ranging  from  events 
driven  by  El  Nino  events  and  volcanic  eruptions  to  periods  when  there 
have  apparently  been  large  shifts  in  the  global  circulation  patterns. 

d.  Projecting  decadal  through  centennial  changes  in  climate.  As  a  result  of 
human  activities,  the  composition  of  the  atmosphere  is  changing.  These 
changes  in  the  composition  of  the  atmosphere  are  affecting  the  strength  of 
the  atmospheric  greenhouse  effect  in  a  way  that  will  lead  to  warming  over 
periods  of  decades  to  centuries.  While  paleoclimatic  periods  can  provide 
general  indications  of  how  a  warmer  climate  may  be  distributed,  the  only 
way  to  project  the  temporal  and  spatial  patterns  of  climatic  changes  that 
will  result  from  the  increasing  emissions  of  greenhouse  gases  and  of  other 
human  activities  is  to  use  models  that  incorporate  our  best  understanding 
of  climate  system  behavior.  These  models  must  ultimately  become  able  to 
simulate  changes  in  atmospheric  composition  and  the  resulting  changes 
and  adjustments  of  the  global  atmosphere-ocean-land-biosphere  system. 
Research  is  underway  to  improve  model  representations  of  particular 
processes,  to  test  the  abilities  of  models  to  reproduce  the  present  climate 
and  biogeochemical  cycles,  and  to  simulate  past  and  future  climates  and 
ecosystem  interactions. 

In  seeking  to  improve  the  predictive  vmderstanding  of  decadal  to 
centennial  climate  change  and  variation,  the  climate  system  modeling 
activities  within  the  U.  S.  are  focused  around  the  four  different  modeling 
streams.  Contributions  to  each  of  these  streams  is  made  by  both  laboratory 
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and  university  scientists,  building  on  a  wide-ranging  set  of  collaborations 
and  intercouplings  (and  with  couplings  across  the  various  streams).  The 
four  modeling  streams  take  varying  approaches  in  striving  to  understand 
and  represent  the  long-term  climate,  using  differing  numerical 
techniques,  different  degrees  of  detail  in  their  resolution  and 
parameterization,  different  approaches  to  representing  coupling  with  the 
changing  atmospheric  composition,  and  different  assumptions  about  how 
to  deal  with  limitations  in  understanding  relating  to  the  intercoupling  of 
model  components.  Similarly,  the  range  of  application  and  verification 
efforts  varies,  providing  further  complementarity  and  completeness  in 
seeking  to  improve  the  ability  to  project  future  climate  change.  This  is 
especially  important  because,  unlike  weather  and  seasonal  to  interannual 
forecasts,  future  changes  in  atmospheric  composition  are  creating  a 
situation  unparalleled  in  human  (and  even  Earth)  history,  making  model 
testing  and  verification  efforts  difficult,  but  especially  important. 

The  four  climate  system  modeling  streams  in  the  U.  S.  are  focused  arotmd 
the  following  models  and  are  considered  here  in  greater  detail  than  the 
earlier  activities  because  of  their  focus  on  modeling  climatic  change: 

i.  Community  Climate  Model  (CCM),  which  has  been  developed 
primarily  at  the  National  Center  for  Atmospheric  Research  (NCAR)  in 
Boulder  CO  with  extensive  participation  from  the  university  research 
community,  but  also  drawing  on  capabilities  developed  at  various 
laboratories.  The  development  effort,  which  has  led  to  several 
generations  of  models  and  very  widespread  participation  of  university 
scientists,  has  been  supported  largely  by  NSF.  The  laboratory 
participation  includes  GFDL  (supported  by  NOAA,  and  which  supplied 
the  core  of  the  ocean  model),  the  Los  Alamos  National  Laboratory 
(supported  by  DOE,  and  which  is  parallelizing  the  ocean  model),  and 
the  Argonne  and  Oak  Ridge  National  Laboratories  (supported  by  DOE, 
and  which  are  parallelizing  the  atmospheric  model).  The  model 
application  efforts  to  study  climate  change  and  climate  change 
mechanisms  have  been  supported  by  NSF,  DOE,  and  EPA.  Recent 
simulations  use  a  coupled  atmosphere-ocean  model  (with  no  flux 
correction  at  the  interface)  with  ocean  resolution  of  1  degree.  The 
model  uses  a  spectral  solution  method  and  is  typically  run  with 
resolutions  ranging  from  R-15  (4.5  by  7.5  degrees)  to  T-42  (about  2.8  by 
2.8  degrees).  The  atmospheric  model  has  been  recently  upgraded 
include  many  improved  representations  of  radiative  and  convective 
processes.  A  detailed  land  surface  parameterization  is  being  developed 
in  cooperation  with  the  University  of  Arizona.  An  atmospheric 
chemistry  model  patterned  after  CCM  is  also  being  developed  and 
tested.  Application  studies  include  study  of  carbon  dioxide  sensitivity 
and  response,  paleoclimates,  and  climate  variability,  particularly  ENSO 
variations. 
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ii.  Manabe-Wetherald-Bryan  atmosphere-ocean  GCM,  which  has  been 
developed  at  the  NOAA  Geophysical  Fluid  Dynamics  Laboratory 
(GFDL)  in  Princeton  NJ,  with  a  number  of  visiting  and  academic 
scientists  collaborating  with  in-house  scientists.  This  effort  began  in  the 
1960s  and  was  instrumental  in  developing  the  first  atmospheric 
general  circulation  model  and  an  oceanic  general  circulation  model 
that  has  become  widely  used  (including  at  NCAR  and  by  the  UCLA- 
CSU-LLNL  team— see  below).  Recent  coupled  ocean/atmosphere  (O/A) 
GCM  simulations  use  an  atmospheric  model  with  a  spectral  resolution 
of  R-15  and  an  ocean  model  with  resolution  of  4  by  5  degrees.  The 
coupling  includes  a  specified  flux  correction  that  forces  the  model  to 
mimic  observed  oceanic  temperature  and  salinity  in  simulations  of  the 
present  climate.  In  addition  to  simulations  of  the  effects  of  increasing 
concentrations  of  carbon  dioxide,  the  model  has  recently  run  for  about 
1000  years  in  a  study  of  the  natural  long-term  variations  of  the  climate. 
Simulations  with  finer  resolution  are  being  conducted  to  test 
parameterizations  and  in  verification  studies  and  were  used  in  a  high- 
resolution  carbon  dioxide  transient  simulation. 

iii.  GISS  atmosphere-ocean  GCM,  which  has  been  developed  primarily  at 
NASA's  Goddard  Institute  for  Space  Studies  (GISS)  with  major  support 
from  NASA  and  lesser  support  from  other  agencies.  The  development 
and  verification  effort  has  had  major  involvement  of  university 
scientists,  especially  from  Columbia  University  and  MIT.  The 
atmospheric  model  is  grid-based,  being  significantly  modified  from  its 
UCLA  ancestry,  and  is  typically  run  using  a  resolution  of  4  by  5  degrees 
or  8  by  10  degrees,  depending  on  the  type  of  simulation.  The  model 
Includes  a  surface  hydrologic  cycle  in  addition  to  a  vegetated  land 
surface.  The  model  is  coupled  to  an  ocean  model  including  a  flux 
correction  adjustment.  A  very  wide  range  of  simulations  has  been 
conducted,  ranging  from  paleoclimatic  to  study  of  the  climatic  response 
to  volcanic  eruptions  and  increasing  carbon  dioxide  and  other 
greenhouse  gases.  A  particular  focus  has  been  on  identifying  forcings 
that  could  be  monitored  on  spacecraft  and  on  interpretation  of  satellite 
data  in  improving  simulations. 

iv.  Coupled  finite-difference  O/A  GCM  with  chemistry,  which  is  being 
organized  into  a  joint  collaboration  of  UCLA,  Colorado  State 
University  (CSU),  and  the  Lawrence  Livermore  National  Laboratory 
(LLNL)  with  participation  of  scientists  from  other  universities  (the  core 
of  the  ocean  model  is  from  GFDL).  Support  comes  variously  from  NSF, 
NASA,  DOE,  and  EPA  for  activities  ranging  from  improving 
parameterizations  for  cloud-radiation  interactions  to  natural  variability 
to  parallelizing  of  the  model  components  to  treatment  of  chemistry 
and  aerosol-climate  interactions.  Both  the  atmosphere  and  ocean 
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models  are  finite-difference  based  with  resolutions  typically  4  by  5  or  2 
by  2.5  degrees  in  the  atmosphere  and  3  degrees  or  finer  in  the  oceans. 
Atmospheric  chemistry  models  can  be  coupled  to  the  atmospheric 
GCM  and  tracer  models  can  be  run  with  the  ocean  model.  Both  the 
atmosphere  and  ocean  models  have  been  modified  to  run  on 
massively  parallel  computers  and  test  runs  are  underway  with  the 
coupled  model.  The  parallelized  ocean  model  from  Los  Alamos 
National  Laboratory  (LANL)  is  soon  expected  to  be  coupled  to  the 
atmospheric  GCM.  Recent  simulations  have  focused  on  cloud- 
radiation  interactions,  on  variability  in  the  tropical  Pacific  Ocean,  and 
on  the  uptake  of  carbon-14  by  the  ocean.  In  addition  to  simulations 
with  these  models,  LLNL  has  used  the  NCAR  and  Max  Planck  Institute 
GCMs  in  studies  of  atmospheric  chemistry  (particularly  atmospheric 
ozone),  the  relative  warming  and  cooling  effects  of  increased  carbon 
dioxide  and  sulfate  aerosols,  and  in  cooperation  with  University  of 
California  at  Santa  Cruz,  paleoclimatic  studies.  LANL,  UCLA,  and 
others  have  also  carried  out  an  experimental  simulation  in  which  the 
atmospheric  and  oceanic  models  were  run  on  widely  separated 
computers  as  a  test  of  accumulating  computer  resources  for  extended 
simulations. 

In  addition  to  these  activities  at  the  U.  S.  modeling  centers,  there  is  a  wide 
range  of  research  underway  at  academic  institutions  and  university 
centers  that  provides  the  underpinning  research  for  improving  models. 
These  activities  are  mainly  at  universities  and  include  efforts  with  the 
modeling  groups  described  above,  with  models  that  are  related  to  the 
models  above  (e.g.,  the  University  of  Illinois  model  is  an  earlier  relation  of 
the  UCLA  model),  with  experimental  models  (e.g.,  the  isentropic 
coordinate  model  at  the  University  of  Wisconsin  and  the  isopychnal 
ocean  model  at  the  University  of  Miami),  and  with  models  developed 
overseas  (e.g.,  the  Scripps  Institution  of  Oceanography  uses  the  coupled 
model  of  the  Max  Planck  Institute  in  Germany.  Together,  this  diversity  of 
activities  provides  an  essential  foundation  for  improving  understanding 
of  the  climate  system  and  for  improving  the  confidence  that  can  be  placed 
in  model  projections  of  climate  change. 

e.  Understanding  Earth  history.  Understanding  how  the  past  climate  has 
changed  and  the  reasons  for  this  change  can  provide  important  insights 
into  the  mechanisms  for  climate  change  and  the  patterns  of  what  might  be 
expected  to  occur.  Observational  studies  and  reconstructions  of  ecological 
and  other  proxy  measures  of  climate  provide  an  important  indication  of 
what  happened.  Identification  of  the  changes  in  solar  radiation  and 
irradiance,  in  volcanic  activity,  in  continental  location  and  orography 
(mountain  structure),  and  in  atmospheric  composition  all  provide 
indications  of  what  the  reasons  for  the  changes  might  have  been.  Global 
model  simulations  can  be  used  to  explore  the  quantitative  connections 
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between  cause  and  response.  Where  significant  disagreements  exist, 
explanations  must  be  sought  in  order  to  determine  if  the  discrepancies 
may  be  due  to  shortcomings  in  the  climatic  reconstructions  from  the 
geological  record  or  to  shortcomings  in  the  models  and  our  understanding 
of  the  causes  and  mechanisms  of  climate  change.  In  that  the  climatic 
changes  expected  in  the  next  century  are  larger  than  those  experienced 
during  historical  times,  study  of  paleoclimatic  conditions  can  provide  a 
significant  test  of  scientific  understanding  and  the  level  of  corxfidence  that 
can  be  placed  in  models. 

Extensive  simulations  of  paleoclimatic  conditions  are  carried  out  with  the 
support  primarily  of  NSF,  the  USGS,  and  NOAA,  each  in  support  of  their 
interest  in  improving  understanding  of  present  and  future  conditions 
through  improved  understanding  of  the  past.  Such  calculations  have  been 
carried  out  using  the  GENESIS  model  at  NCAR  (based  on  the  CCM  set  of 
models),  the  Manabe-Wetherald  GCM,  and  the  GISS  GCM,  as  well  as  with 
models  in  the  university  community.  Particularly  active  efforts  are 
centered  at  the  University  of  Wisconsin  [with  its  Climates  of  the  Holocene 
Mapping  (COHMAP)  project],  Pennsylvania  State  University,  the 
University  of  Illinois,  and  the  University  of  California  at  Santa  Cruz. 
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It  was  first  recognized  in  the  last  century  that  human  activities  could  hove  an 
important  effect  on  the  Earth's  climate.  Not  until  the  early  1960s,  however,  was 
there  convincing  evidence  that  human  activities  were  indeed  changing  the 
chemical  composition  of  the  global  atmosphere.  In  1964,  the  President's 
Science  Advisory  Council  first  brought  the  issue  to  the  attention  of  the  U.S. 
Government.  In  the  late  1  960s  and  throughout  the  1  970s,  an  initial  set  of  com- 
puter model  simulations  were  generated  to  predict  changes  in  temperature  and 
precipitation  that  could  occur,  given  the  continuing  trend  in  increasing  levels  of 
human  emissions  of  greenhouse  gases  to  the  atmosphere.  In  the  late  1  970s  and 
early  1980s,  the  National  Academy  of  Sciences  convened  several  panels  and 
committees  which  reported  that  a  doubling  of  the  atmosphere's  carbon  dioxide 
concentration  could  potentially  raise  the  global  average  temperature  by  1 .5  to 
4.5°C  (about  2.5  to  8°F)  and  shift  rainbelts  poleward.  In  1988,  after  significant 
national  and  international  research  efforts  were  initiated  to  further  the  scientific 
understanding  of  the  issue,  the  Intergovernmental  Panel  on  Climate  Change, 
composed  of  hundreds  of  scientists  from  more  than  50  countries,  assumed 
responsibility  for  conducting  international  assessments  on  climate  change  and  its 
consequences.  To  date,  the  IPCC  has  produced  a  series  of  reports  (1990, 
1992,  1994,  and  a  1995  report  is  in  progress). 

In  parallel  with  these  efforts  to  synthesize  scientific  information,  national  and 
international  research  programs  have  been  established  to  improve  predictive 
understanding  of  the  Earth  system  and  to  provide  the  broader  information  base 
needed  by  decisionmakers  to  consider  whether  and  how  to  respond.  Building 
upon  the  knowledge  base  developed  by  the  nation's  basic  research  program  in 
Earth  sciences,  an  increasing  array  of  research  activities  was  begun  in  the  late 
1970s  and  1980s.  To  further  enhance  the  effort.  President  Bush  established  the 
interagency  U.S.  Global  Change  Research  Program  in  1989,  to  coordinate  and 
strengthen  these  activities.  Congress  enacted  a  statutory  mandate  for  the 
USGCRP  in  1990.  The  USGCRP  currently  conducts  a  comprehensive  research 
effort  involving  observation  and  data  management,  field  studies  to  improve 
understanding  of  climate  processes,  integrated  modeling  and  prediction,  and 
investigation  and  assessment  of  the  potential  environmental  and  socio-economic 
consequences  of  global  environmental  change. 

In  the  fall  of  1994,  the  interagency  Subcommittee  on  Global  Change  Research 
arranged  for  the  special  Forum  on  Global  Change  Modeling  to  provide  an  indica- 
tion of  the  state  of  current  progress  in  improving  understanding  of  global  change 
and  to  provide  direction  for  future  research.   This  Forum  served  as  a  means  of 
bringing  together  a  representative  set  of  scientists  to  develop  a  consensus  state- 
ment on  the  credibility  of  global  model  estimates  of  future  climatic  change. 

This  statement  has  been  developed  by  the  participants  at  the  meeting,  and 
includes  revisions  and  responses  based  on  a  wider  review  by  the  scientific  commu- 
nity. While  attendees  held  a  broad  perspective  of  viewpoints,  this  statement  sought 
to  achieve  balance  among  them  by  associating  relative  levels  of  confidence.  We 
would  like  to  express  our  gratitude  to  the  participants  for  their  commitment  to  this 
effort,  and  look  forward  to  periodic  updates  as  new  scientific  progress  is  made. 

Robert  C.  Corell,  Chair 
Subcommittee  on  Globol  Change  Research 
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Background  OVERVIEW 

On  October  12-13,  1 994,  a  Forum  on  Global  Change  Modeling  was 
held  af  the  invitation  of  the  Subcommittee  on  Global  Change  Research 
(SGCR)  to  help  address  requests  from  the  White  House  Office  of  Science  and 
Technology  Policy  (OSTP)  and  from  Congressman  Dingell  to  the  General 
Accounting  Office  (GAO).  The  Forum  labored  to  produce  a  consensus  docu- 
ment and  to  provide  the  GAO  representatives  a  sense  of  the  debate  on  issues 
related  to  the  use  of  climate  models  to  inform  policy.  The  charge  to  the  panel 
and  the  report  are  attached.* 

The  report  has  been  positively  reviev/ed  by  a  wider  segment  of  the  climate 
community.   Still,  the  forum  participants  believe  that  this  report  is  just  a  begin- 
ning.  It  includes  the  judgment  of  participating  experts  and  reviewers — as 
opposed  to  detailed  arguments — on  the  credibility  of  climate  model  projec- 
tions. As  an  additional  step,  the  community  needs  to  take  the  next  step  of  elu- 
cidating fully  the  reasons  models  make  the  predictions  that  they  do.   This 
effort  should  be  a  significant  part  of  a  rational  approach  to  determine 
whether  models  are  behaving  reliably.  One  aspect  of  this  extended  process  is 
the  thorough  international  assessment  that  is  being  conducted  by  the 
Intergovernmental  Panel  on  Climate  Change  (IPCC),  which  is  due  to  be  pub- 
lished in  late  1 995. 


Forum  Charge 

The  charge  to  those  attending  the  Forum  and  to  those  who  submitted  writ- 
ten comments  was  to  develop  a  brief  statement  on  the  credibility  of  projections 
of  climate  change  provided  by  General  Circulation  Models  (GCMs)  as  back- 
ground for  potential  interpretation  of  model  results  in  the  context  of  develop- 
ing and  considering  national  policy  options.  The  focus  of  this  effort  was 
specifically  on  the  climate  aspects  of  the  entire  global  change  issue — thus  not 
on  the  emission  scenarios,  the  consequences  of  change  to  ecosystems  and 
natural  resource  systems,  or  the  socio-economic  implications  and  potential  for 
responses. 


*  The  invited  participants  included  Eric  Barron  {choir},  Joyce  Penner,  Chuck  Halckorinen,  Don  loshof, 
Jerry  Mohlmon,  Pat  Michaels,  Roy  Jenne,  Richard  Undzen,  Tomoro  Ledley,  and  Tom  Wigley;  a  number 
of  additional  scientists  were  invited,  but  were  only  able  to  submit  written  comments.   In  addition, 
Michael  MocCracken,  Ken  Bergman,  Jay  Fein,  Michael  Riches,  Lowell  Smith,  Richard  Poore,  Robert 
Schiffer,  Dovid  Goodrich,  Courtney  Riordan,  Ghassem  Asrar,  Robert  Watson,  Tony  Janetos,  Rick  Pillz, 
and  Scott  Sandgathe  participated  as  agency,  congressional,  and  OSTP  representatives.  The  report  rep- 
resents the  collective  and  balanced  perspective  of  the  set  of  attendees;  the  vievrt  expressed  should  not 
be  associated  with  any  individual  in  thot  their  individual  evaluation  may  be  either  stronger  or  weaker. 
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Physical     Climate     System 


Figure  1 .  Schematic  dia- 
gram of  the  Earth  system 
and  its  interactions, 
encompassing  the  physical 
climate  system,  biogeo- 
chemical  cycles,  external 
forcing,  and  the  effects  of 
human  activities  (Source: 
M  System  Science:  Oven/iew, 
NASA].   Projecting  the 
future  climate  requires 
understanding  and  quanti- 
tatively predicting  how  the 
components  and  interac- 
tions will  change  as  a 
result  of  natural  and 
human  activities. 


Working  Objective  Formulated  by  Forum  Participants 


The  attendees  at  the  Forum  decided  to  develop  an  ordered  list  of  state- 
ments from  "virtually  certain"  to  "uncertain"  that  summarizes  the  major  find- 
ings and  implications  stemming  from  climate  system  model  experiments  (most 
commonly  with  GCMs)  and  the  issues  being  debated  in  the  scientific  litera- 
ture, and  to  express  these  statements  in  terms  that  indicate  their  potential  poli- 
cy relevance.   The  participants  agreed  to  include  with  each  ranked  statement 
the  basis  for  the  consensus  view.   In  addition,  the  participants  at  the  Forum 
agreed  to  provide  indications  of  where  opportunities  exist  for  early  progress 
in  reducing  uncertainties  and  improving  confidence  in  model  projections.  The 
report  that  follows  consists  of  three  parts.   First,  a  number  of  conclusions  are 
identified  as  "virtually  certain,"  based  on  observations,  experiments,  and 
models.  These  conclusions  provide  a  significant  starting  point  for  discussion, 
yet  they  do  not  directly  stem  from  climate  system  model  experiments.  These 
statements  are  provided  in  Part  1  as  an  introduction.   Second,  Part  2  provides 
the  ranked  statements  that  refer  to  model  experiments  and  predictions. 
Finally,  a  list  of  opportunities  for  early  progress  in  reducing  uncertainties  is 
given  in  Part  3. 
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A  number  of  tfie  scientific  elements  tfiat  are  ffie  basis  of  conclusions  concern- 
ing future  climate  change  do  not  stem  directly  from  climate  system  models.  In 
many  coses,  these  elements  are  subject  to  little  or  no  debate  because  of  their  high 
level  of  certainty.  As  statements  they  may  even  appear  to  some  as  almost  trivial 
because  of  the  frequency  v/ith  which  they  are  stated.  Yet,  in  concert  with  the 
response  to  the  Forum's  specific  charge,  these  statements  provide  both  context 
and  conclusions  on  the  credibility  of  climate  models  for  developing  and  consider- 
ing national  policy  options.  Seven  statements  that  provide  this  context  follow; 

( 1 )  Greenhouse  gases  absorb  and  re-emit  infrared  radiation, 
^lich  includes  the  wavelengths  of  radiation  emitted  by  atmos- 
pheric gases  and  clouds  and  by  the  Earth's  land  and  oceans. 

Basis — Laboratory  experiments  with  greenhouse  gases  and  spectrally 
resolved  studies  of  radiation  absorption  and  transmission  in  the  atmos- 
phere indicate  that  a  number  of  gases  that  are  present  in  the  atmosphere 
are  capable  of  absorbing  and  emitting  infrared  radiation.  The  most 
important  of  these  so-called  greenhouse  gases  is  water  vapor.  Other 
important  natural  greenhouse  gases  include  carbon  dioxide,  ozone, 
methane,  and  nitrous  oxide. 

(2)  Atmospheric  concentrations  of  carbon  dioxide,  methane, 
nitrous  oxide,  and  halocarbons  (most  importantly  chlorofluoro- 
carbons),  collectively  labeled  the  greenhouse  gases,  are  signifi- 
cantly increased  above  preindustrial  levels,  and  the  increase  is 
due  to  anthropogenic  activities. 


Part  !• 

Introduction 

Figure  2a.  Concentrations 
of  atmospheric  carbon 
dioxide  from  itie  1 8lti  cen- 
tury to  itie  present.  Top: 
Multi-year  average  concen- 
trations from  ice  core  data 
at  Siple  Station  in  West 
Antarctica  for  tfie  period 
1744- 1953  [Source:  A. 
Neftel  elai]  supplemented 
by  annual  mean  concentra- 
tions at  tfie  Mauna  Loa 
Observatory  for  the  period 
1959-93  [Source:  Scripps 
Institution  of  Oceanography 
for  1 959-74  data  and  the 
Carbon  Cyde  Group  of 
CMDL/NOAA  for  1974-92 
data].  Bottom:  Monthly  mean 
concentrations  at  AAauna  Loa 
for  the  period  1 958-92 
[Source:  As  above]. 


Basis:  Carbon  Dioxide  (CO2) — The  observed 
atmospheric  concentration  is  30%  above 
preindustrial  levels  as  determined  from  air 
trapped  in  ice  cores  and  direct  measure- 
ments since  1 957.  The  concentration  is  con- 
tinuing to  increase.  The  measured  (and  esti- 
mated) anthropogenic  sources  (from  fossil 
fuel  consumption,  deforestation,  and  agricul- 
turally induced  oxidation  of  humus)  are  sig- 
nificantly larger  than  the  anthropogenic 
sinks  (reforestation).   Changes  in  carbon  iso- 
topic  composition  of  atmospheric  carbon 
dioxide  indicate  that  fossil  carbon  and  bio- 
mass  reduction  have  contributed  significantly 
to  the  increase  in  the  atmospheric  concentra- 
tion. There  is  no  serious  debate  about  the 
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Figure  2b.  Time-latitude 
representation  of  tfie 
montti -to- month  variation 
in  itie  atmospheric  concen- 
tration of  carbon  dioxide 
in  the  marine  boundary 
layer  from  1981  to  the 
present,  assuming  no  vari- 
ation with  longitude 
(Source:  Carbon  Cycle 
Group,  CMDL/NOAA]. 


fad  that  fossil  fuel  consumption  and  land-use  change  are  the  contributors 
to  the  increased  concentration  of  atmospheric  carbon  dioxide. 

Basis:  Methane  {CH4) — The  observed  atmospheric  concentration  is  more 
than  100%  above  preindustrial  levels  as  determined  from  air  trapped  in 
ice  cores,  and  direct  measurements  over  the  post  2  decades.  The  con- 
centration has  been  increasing  over  recent  decades.   E'hmated  changes 
in  anthropogenic  sources  (e.g.,  agriculture,  energy  resource  production 
and  use)  are  broadly  consistent  with  measured  increases  in  atmospheric 
concentrations,  and  are  large  compared  to  anthropogenic  sinks  or 
anthropogenically-induced  reductions  in  emissions  (e.g.,  reduced  wetlands). 

Basis:  Nitrous  Oxide  (N2O) — ^The  observed  atmospheric  concentration  is 
about  10%  above  preindustrial  levels  as  determined  from  air  trapped  in 
ice  cores  and  direct  measurements  over  the  past  2  decades.  Estimates  of 
anthropogenic  sources  (e.g.,  nylon  production,  agriculture)  are  broadly 
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Figure  3a.  Concentrations  of  atmospheric 
methane  from  the  1 8th  century  to  the  present. 
Top:  Multi-year  mean  concentrations  from  ice 
core  data  at  Siple  Station  in  West  Antarctica  for 
the  period  1771-1956  [Source:  B.  Stauffer  elal.] 
supplemented  by  annual  mean  concentrations  at 
the  Mauna  Loa  Observatory  for  the  period 
1 984-93  (Source:  CMDL/NOAA].   Bottom: 
Monthly  mean  concentrations  at  Mauna  Loo  for 
the  period  1 983-93  [Source:  As  above). 
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Figure  3b.  Time-latitude 
representation  of  the 
month-to-montfi  variation 
in  the  atmospheric  concen- 
tration of  methane  in  the 
marine  boundary  layer 
from  1 983  to  the  present, 
assuming  no  variation  vyilh 
longitude  [Source: 
CMDL/NOAA). 
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consistent  with  measured  increases  in  atmospheric  concentrations;  no 
anthropogenic  sinks  are  recognized. 

Basis:  Holocarbons — Preindustrial  concentrations  of  most  of  these  com- 
pounds were  virtually  zero,  because  there  are  no  natural  sources.  Thus, 
the  observed  increases  in  atmospheric  concentrations  are  due  solely  to 
human  activities.  Anthropogenic  sources  (e.g.,  refrigeration,  industrial) 
have  been  large;  no  anthropogenic  sinks  are  recognized  and  natural 
removal  processes  for  most  chlorofluorocarbons  (CFCs)  have  a  time  con- 
stant of  order  a  century.  The  rise  in  atmospheric  concentrations  of  regu- 
lated gases  has  slowed  and  nearly  stopped  due  to  recent  reductions  in 
emissions. 

Basis:  Chemically  Active  Gases — ^The  concentrations  of  CO,  nitrogen  oxides, 
and  non-methane  hydrocarbons  are  higher  than  pre-industrial  values 
over  large  regions.  These  gases  can,  through  a  series  of  chemical  inter- 
actions, induce  changes  in  the  lifetimes — thus  the  concentrations — of 
radiatively  active  gases,  including  ozone  and  methane.  As  an  example, 
the  concentration  of  tropospheric  ozone  in  some  regions  is  significantly 
above  its  level  in  the  1 9th  century. 

There  is  evidence  that  the  concentrations  of  carbon  dioxide,  ozone,  methane, 
and  nitrous  oxide  have  also  changed  over  geological  time.  In  many  cases  these 
changes  have  been  a  driving  factor  in  the  different  climates  that  are  associated 
with  time  pericxJs  of  altered  concentrations.  Based  on  straightforward  physics 
and  thermodynamics,  the  global  concentrations  of  water  vapor  must  also  have 
changed  over  geologic  time,  acting  primarily  in  response  to  the  values  and  dis- 
tribution of  temperature,  continental  geography,  and  orography. 

(3)  Because  of  their  infrared  absorprion,  increased  concentra- 
tions of  greenhouse  gases  exert  a  global  >varming  influence. 
As  discussed  in  Part  2,  the  magnitude  and  timing  of  the  result- 
ing warming  is  less  certain. 

Basis — Observations  and  measurements  of  the  radiative  effects  of  green- 
house gases  in  the  present  atmosphere  and  the  association  of  changes  in 
greenhouse  gas  concentrations  with  climate  changes  in  the  geological 
past  indicate  that  the  resulting  changes  in  the  radiation  balance  from 
increasing  greenhouse  gas  concentrations  will,  in  the  absence  of  other 
factors  changing  the  climate,  induce  global  warming.  The  extent  of  the 
warming  will  be  affected  particularly  by  the  strength  of  water  vapor  and 
cloud  feedback  processes,  which  are  major  factors  in  controlling  the  nat- 
ural greenhouse  effect  and  which  would  be  expected  to  respond  to  the 
radiative  changes  induced  by  the  changes  in  concentrations  of  carbon 
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dioxide  and  other  greenhouse  gases  being  affected  by  human  activities. 
Feedbacks  change  the  magnitude  of  the  response,  as  amplifying  or  mod- 
erating influences,  but  do  not  change  the  sign  of  the  response. 

(4)  The  drawdown  of  the  augmented  CO2  concentration, 
which  is  now  about  30%  above  its  preindustrial  level,  to  near 
its  preindustrial  level  would  take  centuries,  even  if  emissions 
were  to  be  very  substantially  reduced  in  the  near  future. 
Further,  because  a  substantial  reduction  in  global  CO2  emis- 
sions below  current  levels  is  unlikely  to  occur  within  the  next 
few  decades,  the  atmospheric  CO2  concentration  is  expected 
to  continue  to  increase.   The  drawdown  of  CFCs  and  nitrous 
oxide  to  their  preindustrial  levels  would  also  take  more  than 
a  century,  even  with  a  halt  in  human  emissions;  hov^ever, 
because  of  chemical  decomposition  in  the  atmosphere,  the 
drawdown  of  the  excess  methane  concentration  to  near  its 
preindustrial  level  would  take  only  several  decades  if  emis- 
sions were  to  be  significantly  reduced. 

Bosis — Many  of  the  sinks  of  CO2  operate  on  long  time  scales.  For  exam- 
ple, while  the  mixed  layer  of  the  ocean  (upper  75-200  m)  comes  into 
near  equilibrium  with  the  changes  in  atmospheric  CO2  relatively  quickly, 
it  takes  hundreds  of  years  to  mix  carbon  throughout  the  deep  ocean.  A 
further  basis  for  this  statement  comes  from  the  evaluation  of  the  plausible 
sinks  of  emitted  carbon  dioxide  and  other  gases  in  comparison  to  the 
projected  growth  of  world  population,  the  dependence  of  the  world  on 
the  use  of  fossil  fuels  for  energy,  present  trends  in  agriculture  and  defor- 
estation, and  the  expected  transportation,  commercial,  residential,  and 
industrial  use  and  emission  of  these  gases.   In  addition  to  the  importance 
of  the  sources,  many  of  the  sinks  of  CO2  operate  on  longer  time  scales. 

(5)  Anthropogenic  aerosol  concentrations  are  significantly 
increased  in  source  regions  (near  and  downwind  of  aerosol 
and  aerosol  precursor  emissions). 

Basis — ^The  global  trend  in  tropospheric  aerosol  concentrations  is  uncer- 
tain and  not  well-documented  by  global  monitoring  programs,  but  the 
human-influenced  emission  of  aerosol  precursors  has  generally 
increased  in  several  major  regions  over  the  lost  decades  to  a  century, 
and  regional  aerosol  concentrations  ore  believed  to  increase  with 
increasing  emissions.   Natural  sources  of  tropospheric  aerosols  include 
windblown  dust,  hydrocarbons  from  vegetation  and  forests,  and  soot 
and  other  products  of  forest  and  grassland  fires.   Increased  concentra- 
tions of  tropospheric  aerosols  ore  measured  in  and  downwind  of  regions 
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of  anthropogenic  sources,  including  sulfate  aerosols  from  fossil  fuel  com- 
bustion and  complex  chemical  aerosols  from  biomass  burning. 
Stratospheric  aerosols  are  largely  of  natural  origin.   Large  variations  in 
the  concentrations  of  stratospheric  aerosols  are  determined  by  volcanic 
eruptions  and,  in  polar  regions,  by  the  temperature  (i.e.,  at  cold  enough 
temperatures,  atmospheric  gases  can  condense  to  form  aerosols). 

(6)  Sulfate  aerosols,  both  from  volcanic  injections  and  from 
fossil  fuel  combustion,  exerf  a  cooling  influence  on  the  cli- 
mate. While  the  sign  of  the  effect  is  weli-established,  esti- 
mates of  the  magnitude,  trends,  and  extent  of  the  induced 
cooling  effects  are  uncertain  due  to  limitations  in  the  observa- 
tions of  aerosol  amount  and  composition,  limitations  in  the 
models  used  to  simulate  the  aerosol  system,  and  potential 
indirect  effects  of  anthropogenic  sulfate  aerosols  through 
changes  in  cloud  extent  and  character.   Reduction  of  anthro- 
pogenic emissions  of  aerosols  and  aerosol  precursors  (e.g., 
sulfur  dioxide)  would  lead,  over  periods  of  weeks  to  months, 
to  reductions  in  atmospheric  concentrations  of  tropospheric 
aerosols  due  to  relatively  effective  natural  removal  processes. 
However,  the  rates  of  emissions  by  anthropogenic  sources  in 
some  regions  are  not  ^ell-documented,  particularly  for  bio- 
mass burning  sources. 

Basis — Laboratory  and  atmospheric  measurements  show  that  aerosols 
scatter  solar  radiation,  with  much  of  the  radiation  scattered  in  the  back- 
ward direction  (i.e.,  back  out  into  space).  Observations  and  model  sim- 
ulations indicate  that  large  volcanic  eruptions  temporarily  cool  the  cli- 
mate. Observations  also  indicate  that  settling  and  transport  move 
stratospheric  aerosols  (mostly  volcanic)  into  the  troposphere  over  a  few 
years,  and  that  tropospheric  aerosols  are  removed  by  precipitation  scav- 
enging and  contact  with  the  surface  within  weeks  to  months. 

(7)  Global  overage  surface  air  temperatures  are  about  O.S'C 
(1°F)  higher  than  average  temperatures  in  the  19th  century. 

Bosis — Observational  records  drown  from  ship  and  land  meosurements 
since  about  1 850,  while  somewhat  uncertain  due  to  changes  in  instru- 
mentation, measurement  and  observation  techniques,  and  station  loca- 
tion, indicate  that  the  world  is  warmer  now  than  in  the  1 9th  century. 
Limited  borehole  (ground  surface)  and  glacier  meltback  records  also 
suggest  generally  warmer  conditions  during  this  century.  This  change 
cannot  yet  be  unambiguously  ascribed  to  increased  concentrations  of 
greenhouse  gases.  Over  the  past  century,  the  cooling  influence  of 
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changing  amounts  of  ontfiropogenic 
aerosols  appears  to  have  the  potential,  in 
terms  of  both  the  timing  and  the  reduced 
magnitude,  to  explain  some  of  the  differ- 
ences between  observations  and  model 
predictions  of  the  warming  due  to  the 
increased  greenhouse  gas  concentrations 
alone  (model  predictions  suggest  that  a 
warming  significantly  greater  tfian  0.5°C 
should  hove  occurred).  The  natural  vari- 
ability of  climate,  on  time  scales  of  months 
to  centuries  and  variously  distributed  over 
the  globe,  contributes  to  the  uncertainty 
over  the  interpretation  of  the  record. 
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Figure  4.   observed  sur- 
face temperature  anomaly 
from  tfie  1 950-79  mean 
for  the  period  1 854- 1 994, 
calculated  separately  for 
tfie  Northern  Hemisphere 
(NH),  Southem 
Hemisphere  (SH),  and  the 
entire  globe  [Source:  P.D. 
Jones  and  K.R.  Briffa]. 


23-558    96-8 


220 


There  are  significant  uncertainties  in  predicting  future  climates  as  a  conse- 
quence of  (a)  natural  climate  variability;  (b)  the  potential  for  uncertain  or 
unrecognized  climatic  forcing  factors  (e.g.,  explosive  volcanism,  new  or 
unknown  anthropogenic  influences,  etc.);  and  (c)  inadequate  understanding  of 
the  climate  system  (e.g.,  a  recent  discovery  that  clouds  absorb  significant  short- 
wave radiation  which  is  not  included  in  models,  or  potential  errors  in  fluxes  at 
the  top  of  the  atmosphere  associated  with  changes  in  relative  humidity).  These 
uncertainties  may  (or  may  not)  lead  to  re-assessment  of  model  capability.  We 
must  expect  that  new  observations  or  results  from  process  studies  may  yield 
information  that  causes  us  to  re-evaluate  and  improve  the  capability  of  climate 
models.   Our  estimates  of  the  credibility  of  climate  system  models  can,  of 
necessity,  be  consistent  only  with  known  facts  and  bosed  only  on  the  "besf 
current  knowledge. 

The  list  given  below  is  not  a  "forecast"  but  rather  a  scientific  judgment 
based  on  the  assumption  that  the  concentrations  of  anthropogenic  greenhouse 
gases  will  increase.   Many  of  the  model  experiments  on  which  these  points 
are  based  have  an  even  more  specific  assumption,  a  scenario  of  a  1  %  per 
year  increase  in  CO2  to  mimic  the  radiative  forcing  of  the  projected  increase 
in  the  concentrations  of  all  greenhouse  gases. 


Virtually  Certain 

(1)  Large  stratospheric  cooling  will  result  from  the  increase  in 
CO2  concentration  and  ozone  depletion;  the  start  of  such  cool 
ing  has  been  predicted  by  models  and 
observed  in  the  upper  stratosphere. 

Bosis — Increased  emission  of  infrared  radia- 
tion is  an  automatic  consequence  of  the 
increased  infrared  optical  depth  in  the 
stratosphere  due  to  the  increased  concentra- 
tion of  CO2.  This  will  lead  to  cooling  in  the 
upper  stratosphere,  and  satellite  observa- 
tions and  other  records  show  this  is  occur- 
ring.  In  the  lower  stratosphere,  temperature 
changes  due  to  increased  CO2  concentra- 
tions are  complicated  by  the  changes  in 
ozone  concentration  due  to  volcanic 
aerosols,  chlorofluorocarbons,  nitrogen 
oxides  from  aircraft,  and  changes  in  tropos- 
pheric  chemistry  (further  affected  by  other 
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Figure  5.  Anomalies  in 
global  overage  annuel  tem- 
perature from  the  1 958-77 
mean  derived  from 
radiosonde  data  for  tfie 
period  1 958-92  and  shown 
here  for  (top)  the  lower 
stratosphere  (1 6-20  km) 
and  (bottom)  the  Iropopause 
region  (9- 1 6  km)  [Source:  J. 
K.  Angell,  NOAAj.  The 
recent  upward  temperature 
spike  for  the  lower  stratos- 
phere was  a  result  of  the 
Mt.  Pinatubo  eruption. 
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surface  emissions),  which  can  variously  lead  to  cooling  and  warming  in 
the  lower  stratosphere.  Volcanic  aerosols  have  a  direct  radiative  effect 
on  the  lower  stratosphere,  producing  a  warming. 


Figure  6.   Projections  of 
changes  in  global  average 
temperature  (1990-2100) 
based  on  results  from  an 
upwelling-diffusion  model 
calibrated  to  global  circula- 
tion model  results  and  cor- 
responding to  IF'CC  concen- 
tration scenario  IS95a. 
Note  that  this  scenario 
accounts  for  projected 
changes  in  the  concentra- 
tions CO2,  CH4,  N2O, 
chlorofluorocarbons,  and 
sulfate  aerosols.   Projections 
are  for  different  equilibrium 
sensitivities  of  the  climate  to 
a  doubling  of  the  carbon 
dioxide  concentration;  (a) 
1 .5°,  (b)  2.5°,  and  (c) 
4.5''C.  Also  shown  are 
observed  annual  mean  sur- 
face temperature  anomalies 
for  the  period  1854-1990 
[Source:  T.  Wigley,  UCAR]. 


Very  Probable 

(2)  Global  mean  surface  temperature  >vaiTning  >vill  increase  by  the 
mid-2 1st  century.  The  best  available  estimate  is  that  global  mean 
surface  temperatures  vAW  increase  by  about  0.5  to  2°C  (or  about  1 
to  3.5°F)  over  the  period  from  1 990  to  2050  due  to  increases  in  the 
concentrations  of  greenhouse  gases  alone  (note  that  point  1 5  indi- 
cates it  is  inappropriate  to  convert  these  estimates  to  a  per-decode 
basis),  assuming  no  significant  actions  to  reduce  the  projected 
increase  in  the  rote  of  emissions  of  these  gases.  The  best  available 
estimate  for  a  climate  change  that  is  in  equilibrium  with  two  times 
the  pre-industriol  carbon  dioxide  concentration  (or  equivalent  in 
terms  of  other  greenhouse  gases)  is  a  warming  of  1 .5  to  4.5°C, 
with  2.5°C  being  the  most  probable  estimate. 

Basis — ^This  estimate  of  global  warming  is  based  on  projections  of  emis- 
sions and  on  a  combination  of  results  from  simple  model  studies,  general 
circulation  models,  the  observed  record,  and  estimates  of  the  response  of 
the  climate  to  various  forcings  in  the  geological  past,  based  on  reconstruc- 
tions carried  out  in  paleoclimate  studies.  The  estimated  warming  would  be 
reduced  if  sulfur  emissions  are  not  controlled,  and  the  actual  temperature 
change  may  be  outside  this  range  if  natural  climate  variations  (e.g.,  signifi- 
cant changes  in  the  frequency  of  explosive  volcanic  eruptions)  ore  large. 

(3)  Global  mean  precipitation  will  increase.   The  distribution  of 
this  change  is  less  certain  (see  belo^. 


2100 


Basis — ^A  warming  of  the  surface  tempera- 
ture over  the  globe  will  lead  to  an  increase 
in  global-mean  precipitation  because  of 
the  relationship  between  evaporation  rate 
and  surface  temperature.  The  underlying 
physics  on  this  is  well-established,  and  all 
models  confirm  this  relationship. ^ 


'  The  increase  should  not  be  expected  to  be  uniform  in  latitude  or 
season.  As  indicated  in  point  9,  high-latitude  precipitation  is 
projected  to  increase.  In  mid-latitudes,  some  models  show  the 
increase  as  occurring  mostly  in  the  colder  half  of  the  year. 
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(4)  Northern  hemisphere  sea  ice  will  be  reduced  (the  magni- 
tude of  the  change  will  depend  on  the  amount  of  the  warming, 
and  the  reduced  extent  vs^ill  initially  be  most  evident  in  the 
transition  seasons).  Projected  changes  and  their  timing  in  the 
Southern  Hemisphere  sea-ice  extent  are  less  certain. 

Basis — Studies  of  past  climates  provide  evidence  for  polar  amplification  of 
v/arming  and  reduced  sea-ice  extent.  Modeling  studies  also  suggest  that 
this  will  occur,  although  some  hove  suggested  local  sea-ice  expansions. 

(5)  Arctic  land  areas  will  experience  wintertime  warming. 

Basis — Paleoclimate  and  model  studies  provide  evidence  for  polar  ampli- 
fication of  warming  and  reduction  in  land-surface  snow  cover  The  mag- 
nitude of  the  surface  warming  will  be  dependent  on  potential  changes  in 
the  poleward  heat  flux,  which  are  uncertain,  and  the  magnitude  of  the 
global  warming.  Current  models  may  significantly  underestimate  the 
magnitude  of  polar  amplification  while  exaggerating  tropical  changes  if 
poleward  heat  flux  by  the  ocean-atmosphere  system  is  not  properly  sim- 
ulated by  models. 

(6)  Global  sea  level  will  rise  at  an  increasing  rote,  although 
with  some  probability  that  the  rate  of  rise  may  not  be  signifi- 
cantly greater  than  at  present.  The  most  reasonable  estimates 
for  the  rote  of  sea-level  rise  ore  for  a  rise  of  5-40  cm  by  2050, 
OS  compared  to  a  rise  of  5-12  cm  if  rotes  of  rise  over  the  past 
century  continue. 


Figure  7.  Model  projec- 
tions of  the  increase  (in 
cm)  in  global-mean  sea 
level  corresponding  to 
IPCC  concentration  sce- 
nario IS95a.   Projections 
are  for  medium  ice-melt 
parameters  and  different 
climate  sensitivities  to  a 
doubling  of  the  carbon 
dioxide  concentration:  (a) 
1.5°,  (b)  2.5°,  and  (c) 
4.5''C.   [Source:  T. 
Wigley,  UCAR).   Note  that 
the  rise  will  continue  long 
into  the  future  as  the 
oceans  adjust  to  v/arming 
temperatures. 


Basis — ^The  most  tradable  part  of  making 
the  estimate  for  the  next  several  decades 
is  projecting  the  component  due  to  sea- 
water  exfxinsion,  whose  rate  of  change  is 
closely  dependent  on  the  atmospheric 
warming.  Reasonable  estimates  of  the 
retreat  of  mountain  glaciers  are  also 
available.  The  mass  balances  of  the 
polar  ice  sheets  are  highly  uncertain,  and 
are  fikely  to  be  important  only  on  longer 
time  scales.  It  is  important  to  recognize 
that  these  estimates  ignore  long-term 
issues  relating  to  both  the  slow  response 
of  the  major  ice  caps  (Greenland  and 
Antarctica),  potentially  different  responses 
on  Antarctica  and  Greenland,  and  the 
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continuing  (centuries-long  response)  rise  in  sec  level  as  tfie  deep  ocean 
only  slowly  experiences  the  warming  at  the  surface.  These  estimates 
also  do  not  consider  the  sea-level  rise  that  would  result  from  a  potential 
catastrophic  collapse  of  the  west  Antarctic  ice  sheet,  which  has  been  pro- 
posed but  remains  a  subject  of  considerable  debate. 

(7)  Solar  variability  over  the  next  50  years  will  not  induce  a 
prolonged  forcing  that  is  significant  in  comparison  >vith  the 
effects  of  the  increasing  concentrations  of  CO2  and  other 
greenhouse  gases. 

Basis — The  magnitude  of  the  forcing  from  known  levels  of  solar  variability 
(variations  of  roughly  0.2  W/m'^  hove  been  occurring  as  a  result  of  the 
solar  cycle)  is  small  compared  to  projected  changes  in  greenhouse  gas 
forcing  (forcing  of  roughly  2  to  3.5  W/m-^  is  projected  to  occur  as  a 
result  of  likely  emission  scenarios,  according  to  the  IPCC).  Changes  on 
centennial  to  millennial  time  scales  may  be  as  large  as  0.5  W/m^,  but 
are  still  small  compared  to  projected  greenhouse  forcing. 


Probable 

(8)  Summer  Northern  Hemisphere  mid-latitude  continental 
dryness  wrill  increase. 

Basis — Evaporation  increases  strongly  with  temperature  increases. 
Current  models  indicate  some  general  agreement  that  summer  mid-lat- 
itude dryness  occurs  because  the  evaporation  increase  is  larger  than 
the  precipitation  increase. ^   However,  uncertainties  include  the  follow- 
ing:  (a)  increased  atmospheric  moisture  may  be  transported  into  con- 
tinental interiors,  resulting  in  transients  of  increased  precipitation;  (b) 
the  vegetation  response  to  increased  CO2  is  not  known  outside  of 
highly  controlled  conditions;  and  (c)  land  surface-atmosphere  interac- 
tions, including  the  storage  of  wintertime  moisture,  are  still  poorly  rep- 
resented in  models. 

(9)  High-latitude  precipitation  will  increase,  with  potential 
feedback  effects  related  to  the  influence  of  additional  fresh- 
water on  the  thermohaline  circulation  and  of  increased  snow- 
fall or  rain  on  the  mass  balance  of  polar  ice  caps. 

^  In  addition,  models  suggest  thai  the  precipitation  increase  will  occur  during  the  colder  half  of  the  year.  Unless 
stored  in  reservoirs  arxJ  used  for  irrigation,  this  moisture  would  he  unlikely  to  be  retained  in  the  upper  soil 
layer,  thus  unable  to  offset  the  increased  evaporation  occunnng  due  to  the  warmer  summer  temperatures. 
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Basis — With  global  warming,  there  will  be  an  increase  in  the  atmos- 
pheric mixing  ratio  of  water  vapor,  producing  larger  moisture  fluxes 
and  more  precipitation  than  at  present  in  high  latitudes. 

(10)  Antarctic  and  North  Atlantic  ocean  regions  will  experi- 
ence warming  that  is  slower  than  the  global  average. 

Bosis — Oceanic  regions  where  surface  waters  mix  downward  and 
where  deeper  waters  upwell  to  the  surface  will  have  a  smaller  than 
average  surface  temperature  response  to  global  warming.  The  sup- 
pression or  enhancement  of  the  warming  will  also  depend  on  the  nature 
of  changes  in  the  precipitation  and  freshwater  input  at  the  sites  of 
downward  mixing. 

(11)  Transient  explosive  volcanic  eruptions  will  result  in  short 
term  relative  cooling. 

Basis — Historical  volcanism  records  indicate  cooling  of  a  few  tenths  of 
a  degree  lasting  up  to  a  few  years  following  major  eruptions.  The  his- 
torical frequency  of  explosive  volcanic  events  large  enough  to  produce 
substantial  increases  in  stratospheric  aerosols  suggests  that  a  few  to 
several  such  events  could  occur  over  the  next  several  decades. 
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Figure  8.  Model  projec- 
tions and  observed  changes 
in  global  average  surface 
temperature  following  ttie 
June  1  991  eruption  of  Mt. 
Pinatubo  relative  to  the 
global  average  temperature 
for  the  3-month  period 
April-June  1991.  Values 
are  3-month  running  mean 
anomalies  (°C)  ending  with 
October-December  1 994 
[Source:  J.  Hansen,  GISS; 
and  Hadley  Centre  for 
Climate  Prediction  and 
Research,  UK]. 


225 


Uncertain 

(12)  Changes  in  climate  variability  will  occur.   As  yet  there  is 
no  clear  evidence  that  suggests  how  the  character  of  interan- 
nual  variability  may  change  due  to  greenhouse  warming,  but 
there  is  the  potential  for  multifaceted  and  complicated,  even 
counter-intuitive,  changes  in  variability. 

Bosis — ^Many  potential  changes  in  variability  can  be  identified,  suggest- 
ing tfiat  some  will  occur.  These  possibilities  include  the  following:   (a)  In 
all  models,  standing  and  transient  eddy  activity  in  the  mid-latitudes 
decreases  with  the  reduced  meridional  temperature  gradient  associated 
with  global  warming,  which  may  lead  to  reduced  wintertime  variability 
for  warmer  climates;  (b)  El  Nino  Southern  Oscillation  (ENSO)  frequency 
may  be  related  to  average  temperature,  as  suggested  in  historical  and 
some  modeling  studies  (models  have  suggested  both  more  and  less  per- 
sistence during  warm  climates);  (c)  variability  associated  with  smaller 
scale  convective  activity  may  increase  (e.g.,  thunderstorms)  as  a  result  of 
greater  moisture  content  in  ttie  atmosphere;  and  (d)  greenhouse  warm- 
ing and  land-ocean  temperature  differences  may  increase  the  frequency 
of  atmospheric  "blocking"  events,  and  may  influence  low  frequency  pre- 
cipitation variability. 

(13)  Regional  scale  (100-2000  km)  climate  changes  will  be 
different  from  the  global  average  changes.   Hov^ever,  at  pre- 
sent there  is  only  very  limited  capability  to  estimate  how  vari- 
ous regions  will  respond  to  global  climate  change. 

Basis — ^There  is  a  significant  mismatch  of  spatial  scales  between  present 
climate  system  models  and  regional  climate  variations.  This  is  especially 
important  because  of  the  dependence  of  regional-scale  responses  to  the 
details  of  regional  land-surface  characteristics,  especially  orography, 
hydrological  conditions,  and  land-surface  features.  The  best  estimates  of 
regional  change  are  currently  based  on  the  large-scale  characteristics  of 
model  simulations,  and  differences  between  global  and  regional 
changes  are  uncertain  but  are  expected  to  be  present. 

(14)  Tropical  storm  intensity  may  change. 

Basis — An  increase  in  tropical  storm  intensity  is  plausible  (e.g.,  model 
studies  suggest  increases  in  intensity  associated  with  higher  sea-surface 
temperatures),  but  are  uncertain  because  of  potential  changes  in  pole- 
ward heat  flux,  uncertainties  in  tropical  sea-surface  temperature 
response,  and  the  strength  of  the  Hadley  circulation  in  a  greenhouse 
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warming  condition.  Whettier  tfie  frequency  of  tropical  storms  will 
increase  is  uncertain,  in  part  because  GCMs  are  currently  not  run  at  tfie 
appropriate  spatial  resolution  to  simulate  hurricane  formation  and  otfier 
factors  tfiat  migfit  lead  to  changes  in  hurricane  generation. 

(15)  Details  of  the  climate  change  over  the  next  25  years  are 
uncertain. 

Basis — Uncertainties  in  the  factors  controlling  the  natural  variability  of  the 
climate,  in  the  model  simulations  (as  described  above),  and  in  the  pertur- 
bations to  atmospheric  composition  make  it  extremely  difficult  to  predict 
or  even  suggest  the  details  of  changes  in  the  global  or  regional  climate 
on  the  time  scale  of  only  a  few  decades.  In  any  given  decade,  the 
changes  in  temperature  and  related  variables  could  be  substantially  less 
than  or  more  than  the  model-predicted  trend.  Warming  estimates  in 
terms  of  degrees  per  decade  and  their  use  to  analyze  a  single  decade 
are,  therefore,  unwarranted.   Focus  on  a  decadal  analysis  of  observa- 
tions can  be  equally  misleading. 

(16)  Biosphere-climate  feecibacks  are  expected,  but  ho>v  much 
these  feedbacks  v^iil  amplify  or  moderate  climate  change  is 
uncertain. 

Basis — Processes  governing  changes  in  the  distribution  and  character  of 
vegetation  are  not  incorporated  in  climate  models.  Limited  assessments 
suggest  plausible  changes  in  climate  may  occur  as  a  result  of  vegetation 
modifications  that  result  from  the  greenhouse-gas-induced  climate 
changes,  including  (but  not  limited  to)  (a)  replacement  of  high-latitude 
tundra  by  multi-story  vegetation,  resulting  in  added  warming;  (b)  region- 
al impacts  in  response  to  vegetation  changes  from  forest  to  grassland, 
etc.;  (c)  impacts  on  the  CO2  concentration  of  changes  in  carbon  storage 
in  vegetation  and  soils;  (d)  regional  and  possibly  global  impacts  of 
extensive  tropical  deforestation;  and  (e)  impacts  on  the  N2O,  NO,  CH4, 
NMHCs,  and  O3  cycles.  These  effects  could  amplify  or  moderate 
expected  climatic  changes. 
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Meeting  participants  identified  a  number  of  areas  wfiere  sustained  or  intensi- 
fied researcti  efforts  would  bring  important  gains  in  understanding  and  pre- 
dictive capabilities. 

(1)  While  progress  is  clear  as  a  result  of  ongoing  research  efforts 
ancJ  important  steps  can  be  taken  over  the  coming  decacie  that 
will  bring  ne>v  insights,  significant  reductions  of  the  uncertainties 
in  projecting  changes  and  trends  in  the  climate  will  require  sus- 
tained efforts  that  are  very  likely  to  require  a  decade  or  more. 

Basis — Progress  will  require  significant  effort  because  tfie  problems  are 
complex,  because  improvements  in  model  parameterizations  will  require  a 
sustained  and  long-term  program  of  reseorcfi  and  observations,  and 
because  tfie  records  of  past  changes  and  influences  require  careful  recon- 
structions to  make  them  more  complete  and  more  useful.  Although 
progress  may  be  modest,  there  are  a  number  of  processes  and  feedbacks 
on  which  research  must  be  sustained  because  of  the  large  leverage  to  be 
gained  from  improved  understanding.  These  processes  and  feedbacks 
include  (a)  cloud-radiation-water  vapor  interactions,  including  treatment  of 
solar  and  infrared  radiation  in  clear  and  cloudy  skies  (also  including  reso- 
lution of  uncertainties  concerning  anomalous  solar  absorption);  (b)  ocean 
circulation  and  overturning;  (c)  aerosol  forcing,  requiring  information  on 
aerosol  character  and  extent;  (d)  decadal  to  centennial  variability;  (e)  land- 
surface  processes,  including  the  climate-induced  changes  in  the  structure 
and  functioning  of  ecological  systems  with  resultant  changes  in  global 
chemical  cycles;  (f)  short-term  variability  affecting  the  frequency  and  inten- 
sity of  extreme  and  high  impact  events  (e.g.,  monsoons,  hurricanes, 
mesoscale  storm  systems,  etc.);  (g)  non-linear  and  threshold  effects  that  cre- 
ate the  potential  for  surprises;  and  (h)  interactions  between  chemistry  and 
climate  change  and  improved  representation  of  atmospheric  chemical 
interactions  within  climate  models,  thereby  leading  to  improved  under- 
standing of  the  causes  of  trends  in  CH4,  N2O,  O3,  CFCs,  and  aerosols. 

(2)  Improved  spatial  resolution  in  atmospheric  and  oceanic 
models  v^^ill  improve  the  representation  of  the  present  climate 
and  potential  global-scale  changes. 

Basis — In  the  atmospheric  component  of  climate  models  (as  in  weather  fore- 
cast models),  major  storm  systems  and  circulation  patterns  are  significantly 
better  represented  in  models  having  resolutions  finer  than  about  2.5  degrees 
in  latitude  and  longitude  (as  opposed  to  the  5-  to  7-degree  resolution  often 
used  in  past  modeling  studies),  in  part  because  of  improved  representation 
of  major  orographic  features  and  in  part  because  of  improved  ability  to 
represent  weather  systems,  the  Intertropical  Convergence  Zone,  the  Hadley 
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Figure  9.  Comparison  of 
the  resolution  over  much  of 
North  America  for  a  GCM 
with  triangular  spectral  trun- 
cation when  using  a  grid  of 
(a)5.6x5.6deg.  (T21),  (b) 
2.8  X  2.8  deg.  (T42),  (c)  1 .9 
X  1  9  deg.  (T63),  and  (d) 
1.1  X  1.1  deg.  (T106). 
Respectively,  these  resolu- 
tions represent  roughly  the 
grids  used  for  early  climate 
change  calculations,  for  pre- 
sent leading-edge  calcula- 
tions, for  resolutions  expect- 
ed to  be  used  for  climate 
simulations  within  ~5  years, 
and  for  resolutions  used  by 
the  national  weather  services 
to  simulate  the  regional 
details  of  the  weather  that 
are  determined  to  a  large 
extent  by  the  orography 
[Source:  PCMDI/LINL]. 


circulaHon,  and  other  circulation  fea- 
tures. In  the  oceanic  component  of 
clinnate  models,  ocean  current  pat- 
terns are  significantly  better  repre- 
sented in  models  having  resolutions 
finer  than  about  0.5  to  1  degree  (as 
opposed  to  the  3-  to  5-degree  reso- 
lution in  past  modeling  studies),  in 
large  part  because  important  ocean 
current  systems  (e.g.,  the  Gulf  Stream 
and  Kuriosho),  ocean  variability 
(including  ENSO  events),  and  the 
thermohaline  circulation  and  other 
vertical  mixing  processes  can  be  bet- 
ter represented.  Improved  resolution 
in  both  atmosphere  and  ocean  com- 
ponents of  global  climate  models  has 
also  proven  to  reduce  flux  imbalance 
problems  arising  in  the  coupling  of 
these  components.  With  the  increas- 
ing parallelism  of  supercomputers 
and  the  availability  of  massively  parallel  computers,  the  only  impediment  to 
the  gain  in  model  accuracy  by  improving  model  resolution  is  the  commitment 
of  computational  resources.  However,  a  concomitant  increase  in  efforts  for 
process  studies  and  diagnosis  and  analysis  of  model  results  is  required. 

(3)  Climate  changes  at  the  surface  and  as  a  function  of  alti- 
tude can  be  better  represented  by  inclusion  of  significantly 
more  representative  porameterizotions  of  the  atmospheric 
boundary  layer  and  of  vertical  convection  processes. 
Substantially  improved  observations  and  improved  represen- 
tations of  water  vapor  in  climate  models  will  reduce  a  major 
source  of  uncertainty  in  model  predictions. 

Basis — By  including  more  complete  representations  of  the  atmospheric 
boundary  layer,  weather  forecast  models  have  achieved  important  gains 
in  their  representation  and  prediction  of  surface  conditions,  and  of  water 
vapor  transport  to  the  free  troposphere.  A  1  %  change  in  relative  humid- 
ity leads  to  about  a  1  W/m^  change  in  top-of-the-atmosphere  fluxes. 
Observational  uncertainty  in  relative  humidity  is  more  than  10%  in  some 
regions,  which  can  translate  to  more  than  twice  the  flux  change  expected 
from  a  CO2  doubling.  It  is  difficult  to  separate  possible  model  error  from 
observational  error,  especially  in  relatively  dry  regions.   Important  debate 
continues  as  to  the  nature  of  the  fxjsitive  water  vapor  feedback  associated 
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wiffi  global  warming.   Improved  representations  of  precipitation  and  of 
convective  transport  of  water  vapor  into  the  upper  troposphere  will  sig- 
nificantly reduce  uncertainties  about  the  amplifying  feedback  due  to 
water  vapor  and  the  extent  of  changes  in  storm  tracks.  Such  improved 
representations  are  being  developed  and  tested,  and  will  be  able  to  be 
implemented,  provided  computational  time  is  allocated  for  testing,  and 
diagnostic  and  analysis  efforts  are  strengthened.  An  increased  empha- 
sis on  observations  of  water  vapor  and  evaluation  and  testing  of  models 
is  crucial  to  the  global  warming  hypothesis. 

(4)  Improving  the  linkages  coupling  the  atmosphere,  oceans,  and 
land  surface  vynll  reduce  uncertainties  in  estimates  of  the  overall  cli- 
mate response  by  improving  the  accuracy  of  the  climate  simulations, 
by  eliminating  the  need  for  ad  hoc  adjustments  to  fluxes  between 
components  that  are  used  in  some  models,  and  by  alloying  fuller 
exploration  of  natural  climate  variability  over  all  time  scales. 

Basis — ^The  climate  is  a  result  of  the  complex  interactions  of  the  atmosphere, 
the  oceans,  and  the  land  surface.  Tfie  dynamics,  thermodynamics,  and 
hydrodynamics  (and  to  an  increasing  extent  the  chemical  and  vegetation 
dynamics)  must  all  be  treated  in  order  to  provide  a  realistic  simulation  of  cli- 
mate. The  focus  has  initially  been  on  the  atmosphere,  then  increasingly  on 
the  ocean;  coupling  of  the  atmosphere  and  oceans  has  not  been  completely 
successful  due  to  limitations  in  understanding  of  ocean  mixing  and  air-sea 
exchange  mechanisms,  in  addition  to  limitations  in  model  resolution  and  the 
full  range  of  processes  internal  to  each  domain.  Increased  attention  to 
improved  representation  of  the  coupling  is  starting  to  lead  to  improved  repre- 
sentations of  temperature  and  other  climatic  variables.  Corresponding 
improvements  ore  needed  in  representations  of  the  land  surface  and  land- 
atmosphere  interactions  and  fluxes.  Because  vegetation  and  chemical  com- 
position can  affect  radiative  forcing  and  water  vapor  concentrations,  these 
must  also  be  treated  in  coupled  simulations.  The  emerging  results  from  the 
World  Ocean  Circulation  Experiment  (WOCE),  the  Global  Energy  and  Water 
Cycle  Experiment  (GEWEX),  and  other  field  and  analysis  programs  ore  pro- 
viding the  opportunity  for  improving  the  performance  of  coupled  models. 

(5)  More  explicit  representation  of  land-surface  processes, 
including  vegetation,  soil  characteristics,  and  CO2  and  O3 
effects  on  stomatal  resistance,  v^ill  reduce  uncertainties  in  esti- 
mates of  soil  moisture,  summertime  continental  drying,  and 
changes  of  regional  climate. 

Basis — Explicit  treatment  of  vegetation  provides  representation  of  the  sea- 
sonally varying  albedo,  the  diurnally  and  seasonally  varying  pattern  of 
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evapofranspiration,  and  olfier 
factors,  permitting  better  rep- 
resentation of  tfie  diurnal 
temperature  and  humidity. 
Explicit  treatment  of  soil  char- 
acteristics permits  treatment 
of  runoff  and  soil  moisture, 
significantly  improving  repre- 
sentation of  the  hydrologic 
cycle.   Parameterizations  that 
are  significantly  better  than 
those  that  have  been  used  in 
past  studies  will  be  available 
for  use,  but  still  require  exten- 
sive testing  and  evaluation 
before  implementation  and 
application  in  GCMs. 

(6)  Sub-continental  and 
regional  scale  features  of 
global  climate  change  can 
be  better  represented  by  an 
intensified  focus  on  tailoring 
global  predictions  to  specific 
regions  using  both  finer 
scale  models  and  empirical 
techniques. 


Figure  10.  Schematic  dia- 
gram of  land-surface 
processes  and  features  rel- 
evant to  surface  hydrology 
and  evapofranspiration 
[Source:  RE.  Dickinson]. 
Many  of  the  early  climate 
models  have  represented 
the  hydrologic  effects  in 
terms  of  only  a  simple 
bucket  that  filled,  over- 
flowed, and  emptied,  with- 
out treating  evapotranspi- 
ration,  groundwater  stor- 
age, and  so  on. 


Basis — ^Weather  forecasts  ore  successfully  tailored  to  specific  regions 
using  both  finer  scale  models  and  empirical  techniques  that  derive  local 
and  regional  features  from  large-scale  atmospheric  conditions.  These 
techniques,  including  both  regional  models  and  statistical  methods,  have 
been  demonstrated  in  studies  that  predict  local  conditions  given  large- 
scale  conditions.  Application  is  starting  to  be  done  and  awaits  only 
commitment  of  resources  and  analytic  effort.  Results  of  this  type  will  per- 
mit significant  testing  and  improvement  of  the  capabilities  for  estimating 
regional  vulnerabilities  of  ecosystems  and  socio-economic  systems  to 
climate  change. 

(7)  Model  comparisons  against  observations  and  >vith  other 
models  can  accelerate  the  rate  of  model  improvement. 

Basis — Important  new  data  sets  are  being  developed  that  document  the 
climatic  changes  and  fluctuations  of  the  20th  century,  including  improved 
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estimates  of  changes  in  factors  (e.g.,  greenhouse  gas  concentrations,  vol- 
canic aerosols,  sulfate  aerosols,  ozone  concentrations,  ozone  precursors, 
solar  variability,  ENSO  events,  etc.)  that  are  likely  the  primary  causes  of 
these  variations.  Comparison  of  results  of  models  making  these  simula- 
tions with  each  other  and  with  the  observational  record  can  identify  sys- 
tematic errors  and  the  strengths  and  weaknesses  of  alternative  model 
formulations.   Extension  of  these  validation  and  intercomparison  efforts 
to  include  atmospheric,  oceanic,  land  surface,  atmospheric  chemistry, 
and  coupled  models  is  underway;  more  intensive  efforts  would  likely 
accelerate  progress. 

(8)  Improved  reconstruction,  simulation,  and  analysis  of  prein- 
dustrial  and  paleoclimatic  periods  can  help  assess  model  pro- 
jections of  climate  sensitivity  and  variability,  and  lead  to 
enhanced  model  credibility. 

Basis — Successfully  demonstrating  the  capability  of  models  to  simulate 
known  paleoclimatic  states  will  increase  the  confidence  in  a  model's  abil- 
ity to  predict  future  climatic  scenarios.  Although  no  past  climatic  periods 
are  precisely  similar  to  the  present,  reconstruction  and  diagnosis  of  cli- 
mate changes  and  states  prior  to  the  industrial  period  provide  tfie  natur- 
al context  to  which  projected  anthropogenic  climatic  changes  con  be 
compared.  The  past  1 ,000  years  provides  an  opportunity  to  understand 
natural  climate  variability;  tfie  transition  from  the  Last  Glacial  Maximum 
(1 8,000  years  ago)  to  the  current  interglacial  provides  a  period  of  rela- 
tively rapid  warming;  the  lost  glacial  exhibits  periods  of  apparently 
rapid  climatic  shifts  and  changes  in  ocean  circulation;  periods  during  the 
Pliocene  to  the  Cretaceous  provide  examples  of  warmer  conditions,  often 
with  different  orography  and/or  geography.  Comparison  of  changes 
in  climatic  forcing  with  changes  in  climate  across  these  periods  allows 
estimation  of  processes  and  conditions  ranging  from  natural  variability 
to  global  climate  sensitivity  and  its  latitudinal  variation.  Model  simula- 
tions of  these  periods  can  indicate  the  influence  of  factors  that  cause  cli- 
matic change  and  can  identify  fea- 
tures that  current  models  and  under-         j 
standing  are  unable  to  explain, 
such  as  changes  that  may  not  pre- 
viously have  been  seen  in  the 
recent  climatic  record  (e.g.,  rela- 
tively rapid  and  sharp  climatic 
shifts).   Several  projects  ore  under- 
way to  reconstruct  the  climates  of  ► 
past  warm  and  cold  periods  and 
to  compare  model  simulations  to 


Figure  11.  Decadal  aver- 
age anomalies  of  Norttiem 
Hemisphere  summer  air 
temperature  for  the  period 
1 400- 1 970  as  reconstruct- 
ed from  observations  and 
proxy  data  [Source:  R.S. 
Bradley  and  P.D.  Jones]. 
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figure  1 2.  Oxygen  iso-        ► 
fope  records  recorded  in 
the  layers  of  snow  of  rfie 
Greenland  ice  sheet,  shown 
here  as  the  departure  of  the 
oxygen- 18  isotope  [d'°0 
in  parts  per  thousand 
(o/oo)]  versus  time  (in 
tfiousands  of  years  before 
present).  The  righthand 
scale  shows  deviations 
from  mean  Holocene  tem- 
peratures assuming  that  the 
d'°0  deviation  from  the 
mean  Holocene  d '  °0  of  - 
34.8  o/oo  is  caused  by 
local  temperature  changes 
with  a  d'°0-femperature 
coefficient  of  0.63  o/oo 
per  °C  [Source:  P.  Groctes 
and  M.  Stuiver,  University 
of  Washington;  and 
Greenland  Ice  Sheet  Project 
2  (GISP2),  University  of 
New  Hampshire]. 
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these  reconstructions,  looking  at  changes  in  the  mean,  in  rotes  of 
change,  and  in  initiation  of  climatic  shifts. 

(9)  Improving  the  representation  of  atmospheric  chemistry 
and  of  vegetation  and  soils  is  needed  to  improve  prediction  of 
radiative  feedbacks  and  to  allow  calculation  of  the  effects  of 
other  types  of  global  environmental  change. 

Basis — ^To  treat  the  effects  of  climate  forcing  by  aerosols  (both  direct 
radiative  effects  and  possible  indirect  effects  on  cloud  radiative  proper- 
ties and  atmospheric  chemistry)  and  because  of  the  indirect  effects  of  cli- 
mate change  and  non-greenhouse  gases  on  the  concentrations  of  green- 
house gases,  especially  ozone,  it  is  becoming  increasingly  important  to 
account  for  these  effects  in  climate  simulations.  While  this  con  be  done 
to  some  extent  [Xirametrically,  there  is  an  increasing  need  to  explicitly 
treat  these  processes  in  climate  simulations.   Similarly,  changes  in  the 
structure  and  functioning  of  major  ecological  systems  con  affect  global 
biogeochemical  cycles,  the  evapotranspiration  and  runoff  of  water,  and 
surface  reflectivity  and  roughness  in  ways  that  must  also  be  accounted 
for  in  climate  simulations  if  uncertainties  are  to  be  reduced.   Such 
changes  con  be  induced  by  a  changing  climate  or  by  changes  in  land 
use  or  land-use  management.  With  the  development  of  global  chemistry 
models,  land-use  models,  and  vegetation  models  (and  related  models  of 
the  effects  of  ocean  biogeochemistry  on  the  climate),  opportunities  ore 
growing  for  doing  so  as  supercomputer  resources  and  speed  increase. 
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Mr.  ROHRABACHER.  Thank  you,  Dr.  Corell. 

Mr.  Bartlett  has  to  leave  at  two  o'clock,  I  understand,  so  why  do 
we  not  go  directly  to  some  questioning  by  Mr.  Bartlett. 

Mr.  Bartlett.  Thank  you,  very  much. 

I  have  a  brief  question  for  each  of  the  panelists.  Let  me  just  read 
the  question.  If  you  could,  make  a  note  of  it  and  then  answer  it  in 
sequence.  And  if  others  have  a  comment  on  a  question  I  had  asked 
one  of  the  other  panelists,  that  would  be  fine. 

Dr.  Watson,  I  don't  know  how  much  C02  has  risen.  When  I 
taught  in  this  area,  I  noted  that  there  was  20.96  percent  oxygen, 
.04  percent  carbon  dioxide,  79  percent  nitrogen  and  inert  gases  in- 
cluding argon  and  so  forth. 

Plants  make  do  with  only  .04  percent  C02,  where  we  need  to 
have  at  least  half  of  the  20.96  percent  oxygen.  I  know  some  people 
who  have  greenhouses  who  release  carbon  dioxide  in  the  green- 
house so  that  plants  will  grow  faster. 

My  question  is.  Are  we  sure  how  much  carbon  dioxide  will  rise 
if  we  are  only  looking  at  the  production  of  it?  Because  isn't  it  true 
that  plants  might  increase  their  activity  and  therefore  use  more  of 
the  carbon  dioxide  converting  it  into  oxygen? 

My  question  for  Dr.  Nierenberg  is.  You  mentioned  that  there 
were  several  hundred  years  of  fossil  fuels  remaining.  No  relative  of 
mine,  but  it  is  easy  for  me  to  remember  his  name.  Are  you  familiar 
with  the  analysis  of  Dr.  Albert  Bartlett  who  is  amazed  at  the  in- 
ability of  our  industrial  society  to  understand  the  exponential  func- 
tion? 

Dr.  Ehlers,  when  it  comes  his  turn,  perhaps  can  comment  on  this 
because  he  is  more  familiar  with  this  than  I  am,  but  his  prediction 
is  that  we  have  strikingly  less  fossil  fuels  remaining  than  that,  and 
he  indicates  that  there  is  a  large  measure  of  misunderstanding  of 
the  exponential  function  and  what  this  means  there. 

Mr.  Gardiner,  I  hope  we  never  come  to  this,  but  I  am  wondering. 
Is  there  an  estimate  of  how  high  sea  levels  would  rise  with  melting 
of  the  polar  ice  caps  and  melting  of  permanent  mountain  snow  and 
snow  packs  and  glaciers? 

Of  course  with  this  kind  of  warming  you  would  also  get  some 
thermal  expansion  of  the  seas.  I  have  heard  some  very  large  num- 
bers, and  I  am  just  curious  what  the  number  is  because  I  think  the 
average  citizen  does  not  have  any  idea  of  how  much  the  seas  could 
rise  where  we  really  would  have  extensive  global  warming. 

Dr.  Moore,  I  was  fascinated  by  your  suggestion  that  we  ought  to 
be  encouraging  global  warming  because  great  good  things  have 
happened  in  the  past  when  we  have  had  global  warming. 

My  question  there  is.  Is  there  reason  to  believe  that  a  new  warm- 
ing would  not  produce  the  kind  of  results  that  were  produced  be- 
fore? 

Is  this  something  that  we  ought  to  be  looking  forward  to  rather 
than  cringing  from? 

And  Dr.  Corell,  there  is  a  suggestion — you  mentioned  that  there 
were  a  number  of  agencies  that  say  we're  consuming,  that  we  are 
using  totally  $1.5  billion  in  this  area. 

My  question  is.  Would  a  Department  of  Science  bring  a  better 
focus  and  use  of  resources  than  we  now  have  in  these  kind  of  frac- 
tured activities? 
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Thank  you.  This  was  a  good  panel  presentation  and  I  thank  you 
very  much. 

Dr.  Watson? 

Dr.  Watson.  Yes.  Future  concentrations  of  atmospheric  carbon 
dioxide  will  be  governed  by  the  emissions  on  one  hand  the  sinks 
on  the  other. 

The  emissions  will  depend  on  population  growth,  economic  devel- 
opment, energy  prices,  technology  prices,  new  technologies,  and  a 
diffusion.  So  the  future  emissions  will  depend  on  a  lot  of  socio- 
economic factors. 

The  sinks  of  carbon  dioxide  will  depend  on  the  role  of  the  oceans 
and,  as  you  correctly  suggest,  the  role  of  the  Terrestrial  Biosphere. 

In  fact,  in  all  of  our  documents  here  pointing  to  the  IPCC  assess- 
ments, we  do  allow  for  the  fact  that  when  we  put  more  carbon  diox- 
ide into  the  atmosphere,  there  is  an  increase  in  terrestrial  produc- 
tivity. So  that  is  all  allowed  for  in  our  projections  of  the  future. 

We  know  certainly  that  agriculture  responds  positively  to  more 
carbon  dioxide.  That  is  to  say,  monocultures.  But  when  you  have 
complex  systems,  complex  forested  systems,  the  response  is  a  bit 
less  clear. 

So  the  answer  is,  we  take  that  into  account  where  the  biggest 
uncertainties  in  the  future  probably  are  what  will  happen  to  popu- 
lation, GNP,  technologies,  and  energy  prices. 

Mr.  Bartlett.  Thank  you. 

Mr.  NiERENBERG.  My  answer,  sir,  is  very  simple.  It  is  an  artifi- 
cial number  that  I  used,  or  that  was  used.  In  other  words,  you  just 
assume  that  somehow  in  the  next  several  hundred  years,  one  way 
or  another,  we  will  no  longer  be  using  fossil  fuel.  Either  we  have 
used  it  all  up,  absent  shorter  time  or  not. 

The  point  is  that  if  you  pick  a  period,  100  years,  200  years,  or 
300  years,  of  fossil  fuel  use  and  then  no  more,  you  see,  you  meas- 
ure against  that  how  long  it  will  take  that  carbon  dioxide  to  dis- 
appear. 

Just  to  repeat  myself,  if  in  fact  it  takes  1000  years,  we  are  in 
real  trouble.  In  other  words,  you  might  want  to  take  action  even 
if  you  are  not  sure. 

If  on  the  other  hand  the  carbon  would  tend  to — the  C02  would 
tend  to  decay  away  in  150  or  200  years,  or  a  period  about  equal 
to  that,  then  you  have  got  lots  of  time,  so  to  speak,  to  see  what  is 
happening  and  raise  your  rate,  lower  your  rate,  or  cut  off  your  rate. 

But  the  200-year  figure  is  rather  artificial. 

Mr.  Bartlett.  Thank  you. 

Mr.  Gardiner.  Mr.  Bartlett,  let  me  just  see  if  I  can  give  you  a 
couple  of  sort  of  ranges  that  get  at  the  question  of  sort  of  what 
might  be  the  extreme  end  of  sea  level  rise  if  a  catastrophe  oc- 
curred. 

A  couple  of  thoughts. 

First  is  that  there  are  about  16  feet  worth  of  sea  level  rise  sitting 
in  Greenland  in  the  form  of  ice  today.  So  if  all  of  Greenland  melted, 
what  you  would  get  is  a  16-foot  rise  in  sea  level. 

Similarly  for  Antarctica,  there  is  160  feet  of  potential  sea  level 
rise  sitting  in  the  form  of  ice  on  Antarctica.  A  little  while  ago, 
Steve  Schneider,  an  important  scientist  in  this  field,  did  a  study 
which  looked  at  the  potential  impacts,  not  a  prediction,  but  what 
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would  happen  if  we  had  something  on  the  order  of  a  15-  to  16-foot 
sea  level  rise. 

At  least  that  was  thought  to  be  in  the  bounds  of  something  that 
might  be  reasonable  at  some  time  in  the  next  while. 

In  our  own  study,  just  to  provide  another  comparison,  by  the 
year  2100,  again  looking  at  a  probability  of  what  we  consider  to  be 
a  low  probability,  with  a  10  percent  chance  that  it  might  occur, 
looking  only  at  the  United  States,  we  would  say  that  Grand  Isle, 
Louisiana,  might  experience,  and  we  think  there  is  a  10  percent 
change  that  you  would  see  an  increase  of  5.5  feet  of  sea  level  rise 
in  Grand  Isle,  Louisiana.  It  would  be  less  in  other  parts  of  the 
United  States. 

Mr.  NiERENBERG.  Could  I  make  a  remark  about  sea  level  rise 
that  is  an  interesting  but  confusing  point? 

Mr.  ROHRABACHER.  Doctor,  you  could  but  I  think  this  is  going  to 
be  an  issue  of  discussion  as  soon  as  we  get  into  the  questions,  and 
we  are — is  this  a  vote?  There  is  a  vote  on.  So  we  want  to  hurry 
up  and  get  Mr.  Bartlett's  questions  answered  so  that  we  can  move 
forward. 

Right  after  this  we  will  go  for  the  vote,  and  then  we  will  come 
back. 

Mr.  MoORE.  I  cannot  resist  mentioning  that  Steve  Schneider  was 
a  great  advocate  of  global  cooling  as  a  problem  in  the  1970s,  and 
since  that  did  not  sell  he  now  sells  global  warming. 

But  as  far  as  whether  the  past  is  predictive  of  the  new  global 
warming,  it  is  not.  Today  we  are  much  less  dependent  on  the  cli- 
mate than  we  were  a  thousand  years  ago,  or  five  thousand  years 
ago. 

So  we  are  largely  immune  to  it.  Congress  will  go  on  whether  it 
gets  hotter  or  cooler. 

The  manufacturing  will  go  on. 

Agriculture,  all  the  studies  indicate,  there  is  probably  going  to  be 
a  net  benefit — to  not  all  of  them,  but  most  of  them  indicate  there 
will  be  a  little  net  benefit  from  warming  and  a  rise  in  C02. 

The  worst  aspect  of  global  warming  is  the  sea  level  rise,  and  that 
will  be  costly  but  it  can  be  dealt  with. 

The  rest  of  Mankind's  activities,  Steve  Schneider  and  others  have 
pointed  out  that  the  ski  industry  will  be  adversely  affected.  I  do  not 
think  that  is  something,  even  though  I  am  a  skier,  that  we  should 
worry  terribly  about. 

Mr.  CORELL.  Would  you  like  me  to  go  ahead? 

Mr.  ROHRABACHER.  Yes. 

Mr.  CORELL.  Thank  you. 

The  program  has  been  organized  around  the  prospect  that  each 
of  the  agencies  have  a  specific  role.  For  example,  the  Department 
of  Agriculture  is  extraordinarily  expert  at  managed  ecosystems.  So 
that  is  what  they  bring  to  the  table  when  it  comes  to  the  research 
effort. 

NASA,  with  some  help  from  NOAA,  from  METSAF,  but  primarily 
NASA,  provides  the  global  perspective  from  satellites,  and  so  on, 
around  the  11  agencies. 

To  be  sure  that  that  was  integrated,  we  created  charters,  if  you 
will,  for  each  of  the  11  agencies.  Each  of  the  agency  heads  agreed 
with  the  other  agency's  role. 
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It  took  us  18  months  to  get  that  agreement.  So  in  a  sense  we 
have  created  a  virtual  organization  tightly  connected,  first  under 
FIXIT  and  now  under  the  NSTC.  So  there  is  the  machinery  of  co- 
ordination. 

I  would  observe  that  we  do  work  with  countries  that  do  have  a 
more  integrated  approach  with  say  a  science-like  department,  Ger- 
many being  a  good  example,  with  BMBF,  which  is  education  and 
research,  along  with  their  DFG  which  is  sort  of  the  NSF  of  Ger- 
many. 

But  I  cannot  see  any  major  difference  in  how  they  coordinate  ver- 
sus how  we  do,  but  there  are  always  different  ways  to  do  the  same 
job.  But  the  bottom  line  is,  we  need  the  talents  from  each  of  these 
agencies  to  get  the  complex  job  done  because  no  one  agency  has 
that  set  of  resources  necessary  to  attack  this  complex  problem. 

Thank  you. 

Mr.  Bartlett.  Thank  you. 

Thank  you  all,  very  much. 

Mr.  ROHRABACHER.  Thank  you,  Mr.  Bartlett,  and  I  thank  the 
panelists.  We  will  be  back  in — we  will  be  in  recess  for  ten  minutes. 
Oh,  actually,  until  five  minutes  after  the  last  vote,  which  should  be 
in  about  fifteen  minutes. 

[Recess.] 

Mr.  ROHRABACHER.  I  would  like  to  thank  the  panelists. 

Ms.  Rivers,  would  you  like  to  proceed  at  this  time? 

Ms.  Rivers.  I  would.  Thank  you.  Let  me  rearrange  myself  here 
for  a  moment. 

I  am  going  to  start  with  Dr.  Watson.  This  is  not  on  your  direct 
testimony,  but  I  am  very  curious  to  know.  Are  you  a  political  ap- 
pointee? 

Dr.  Watson.  Yes.  I  am  a  Senate-confirmed  appointee. 

Ms.  Rivers.  What  is  your  expectation  of  continued  employment 
should  the  current  Administration,  after  of  course  serving  a  second 
term,  leave  the  White  House? 

Dr.  Watson.  I  am  leaving  the  White  House  in  February  to  go 
and  work  at  the  World  Bank  on  sustainable  development. 

Ms.  Rivers.  Okay.  But  my  point  being,  even  if  you  were  not  leav- 
ing, then  what  would  be  your  expectation  of  continued  employment 
if  the  Administration  changed? 

Dr.  Watson.  Sorry?  I  am  not  quite  sure  I  understood  the  ques- 
tion. I  am  a  bit  slow. 

Ms.  Rivers.  Would  you  expect  that  if  the  Republicans  took  con- 
trol of  the  White  House,  you  v/ould  be  maintained  in  your  position? 

Dr.  Watson.  For  probably  milliseconds  would  be  my  guess. 

[Laughter.] 

Ms.  Rivers.  That  would  be  my  guess,  too. 

Mr.  Moore.  Mr.  Chairman,  if  I  took  control  of  the  White  House, 
he  would  have  his  job. 

[Laughter.] 

Ms.  Rivers.  That  would  be  my  guess,  too,  because 

Mr.  ROHRABACHER.  We  would  find  a  place  for  him. 

Ms.  Rivers.  I  had  a  chance  to  look  back  on  various  political  posi- 
tions and  I  find  that  virtually  in  every  case  as  the  Administration 
changes,  the  people  in  those  positions  leave. 
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That  was  important  to  me  because  I  found  that  Will  Happer  was 
the  Bush- appointed  Director  of  Energy  and  Research  at  DOE.  He 
was  a  political  appointee,  and  all  of  the  political  appointees  who 
were  appointed  by  Bush  left  when  the  Clinton  Administration  took 
over.  Was  that 

Mr.  RoHRABACHER.  Would  the  gentlelady  yield  for  a  moment? 

Ms.  Rivers.  Yes. 

Mr.  ROHRABACHER.  Unfortunately  that  is  true,  except  that  Mrs. 
O'Leary  just  prior  to  this  had  announced  that  he  would  be  retained 
and  had  to  do  a  reversal  when  the  Vice  President  insisted  that  this 
man  not  be  retained. 

So  while  your  facts  are  right,  that  one  little  element  about  the 
fact  that  Mrs.  O'Leary  had  actually  decided  and  officially  an- 
nounced that  he  would  be  on  the  team  makes  a  major  difference. 

Ms.  Rivers.  Okay.  I  will  check  into  that  because  I  have  found  a 
lot  of  things  that  have  been  said  today  just  do  not  quite  play  out 
the  way  that  they  should. 

I  am  going  to  go  on  to  Dr.  Nierenberg. 

Dr.  Nierenberg,  you  confirmed  for  me  something  that  I  felt 
throughout  the  first  panel,  as  well.  Which  is,  that  while  there  is 
a  lot  of  difference  of  opinion  amongst  the  scientists  who  are  study- 
ing this  issue,  people  who  are  not  necessarily  the  majority,  or  are 
skeptics,  are  not  suggesting  that  we  should  not  continue  to  look 
into  this.  They  are  not  saying  we  should  just  stop  our  research  and 
ignore  the  issue  entire. 

Is  that  your  view,  that  we  should  definitely  continue  research 
and  continue 

Mr.  Nierenberg.  Well  for  Heaven's  sake.  I  mean,  ever  since  I 
am  19  years  old  I've  been  teaching  at  the  university.  Research  is 
my  whole  life.  I  mean,  of  course  we  should. 

And  I  might  add,  I  have  been  advocating  increased  research  in 
climate  affairs  ever  since  I  have  been  in  this  business  for  reasons 
beyond  global  warming.  Whether  global  warming  is  to  escalate  or 
not  is  a  serious  issue.  Very  little  of  what  we  are  doing  now  in  re- 
search is  being  wasted. 

Short-term  climate,  a  year,  two  years,  three  years 

Ms.  Rivers.  Thank  you. 

Mr.  Nierenberg.  You  heard  El  Nijo  mentioned,  is  incredibly  val- 
uable to  this  country,  whether  you  are  a  farmer,  a  fisherman,  or 
whatever. 

Ms.  Rivers.  So  what  would  your  assessment  be  of  the  decisions 
that  are  being  made  within  this  current  budget  to  scale  back  and 
cut  back  in  those  areas? 

Mr.  Nierenberg.  Well  I  will  be  just  as  sly  as  the  previous  guys 
this  morning. 

[Laughter.] 

Mr.  Nierenberg.  You  see,  on  the  one  hand  you  cannot  spend 
enough  money  on  research  from  my  viewpoint,  really.  Any  time  you 
ask  me  that,  that  is  the  answer. 

On  the  other  hand,  when  you  look  at  an  actual  program  that  has 
billions  of  dollars,  you  do  have  to  make  decisions,  and  it  is  a  tough 
one  whether  you  are  the  President's  Science  Adviser  or  whatever, 
as  to  what  is  important  for  research,  what  is  relevant  research. 
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what  is  not,  research  that  can  wait,  and  so  on.  That  is  another 
question. 

Ms.  Rivers.  Well  you  mentioned  one  program,  the  CHAMPP  pro- 
gram, as  being  a  particularly  good  one.  You  are  aware  that  that  is 
viewed  as  duplicative  and  redundant  and  is  slated  to  be  changed? 

Mr.  NiERENBERG.  It  was  not  an  accident  that  it  was  in  my  paper, 
Madam. 

[Laughter.] 

Ms.  Rivers.  Thank  you. 

Dr.  Gardiner,  I  have  some  questions  for  you  regarding  some  of 
the  comments  we  heard  earlier  about  the  fact  that  programs  in  the 
EPA  were  cut  because  they  were  spending  their  money  on  pens, 
and  stickers,  and  a  variety  of  other  things. 

I  have  in  front  of  me  a  list  of  programs  that  are  being  negatively 
affected  by  decisions  here: 

The  terrestrial  carbon  flux  tracking  program;  developing  pre- 
dictive models;  regional  vulnerabilities;  integrated  assessment  re- 
search, stratospheric  ozone  depletion. 

To  your  knowledge,  are  any  of  those  programs  engaging  in  any 
of  the  PR  kinds  of  things  that  were  mentioned  by  the  chairman 
earlier  today? 

Mr.  ROHRABACHER.  Well,  would  the  gentlelady  yield? 

Ms.  Rivers.  After  I  get  my  answer  from  Mr.  Gardiner. 

Mr.  ROHRABACHER.  Well  it  deals  with  the  question.  My  staff  indi- 
cates that  some  of  the  things  you  have  listed  as  being  cut  are  fully 
funded  and  were  not  cut. 

Ms.  Rivers.  Oh,  I  am  sorry.  The  other  four  are  indeed  being  cut. 
Is  that  correct? 

Voice.  This  entire  program  is  zeroed  out. 

Ms.  Rivers.  This  is  zeroed  out.  My  question  is.  Of  these  four  pro- 
grams that  are  being  zeroed  out,  are  any  of  them  engaging  in  the 
kind  of  spending  that  was  characterized  by  the  Chairman  earlier 
today? 

Mr.  Gardiner.  Not  to  my  knowledge.  In  addition  to  that,  my  un- 
derstanding is  that  the  program  that  the  chairman  was  speaking 
of  this  morning  is  actually  not  a  part  of  EPA's  research  program 
on  global  warming.  In  fact,  it  is  a  part  of  our  program  that  is  de- 
signed to  reduce  emissions  which  cause  global  warming  and  is  part 
of  what  we  believe  is  a  common-sense,  cost-effective  approach  to 
dealing  with  the  problem  of  global  warming  by  reaching  out  to  peo- 
ple in  the  private  sector  who  are  prepared  to  work  with  us  to  make 
voluntary  emission  reduction  that  could  avoid  future  consequences 
of  global  warming. 

Ms.  Rivers.  Thank  you. 

Dr.  Moore,  I  listened  very  carefully  to  your  testimony  because  my 
undergraduate  degree  is  in  biological  anthropology.  While  it  is  not 
in  cultural  anthropology,  I  am  certainly  interested  in  a  lot  of  the 
same  things  you  are  and  have  had  some  training  in  that  area. 

One  of  the  things  I  was  most  interested  in  was,  when  you  look 
at  the  development  of  the  human  family,  there  are  a  variety  of  dy- 
namics that  play  into  that.  Heat  would  certainly  be  one  of  them. 

How  in  your  research  do  you  correct  for  the  confounding  vari- 
ables that  may  be  taking  place  at  each  point  through  the  history 
of  the  human  civilization? 
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Mr.  Moore.  What  I  do  is  look  at  large  groups  of  people  and 
things  that  are  going  on  as  much  as  I  can  around  the  world.  A  par- 
ticular development  in  China  3000  years  ago  would  have  had  neg- 
ligible effect  on  what  was  going  on  in  Western  Europe. 

But  you  find  the  same  kinds  of  growth  in  terms  of  population 
which  is  a  biologist  often  measuring  the  viability  of  a  species  in 
terms  of  its  growth  in  population. 

When  world  populations  are  expanding  rapidly — we  now  consider 
that  a  bad  idea — but  back  3000  years  ago  that  was  a  good  idea. 

Ms.  Rivers.  How  do  you  then  correct  against  times  of  great  ex- 
pansion in  certain  parts  of  the  world  that  are  within  colder  times? 

I  mean,  we  certainly  have  the  expanse  of  the  Roman  Empire,  the 
British  Empire,  the  industrial  revolution,  all  taking  place  in  times 
that  are  not  necessarily  fitting  with  your  model,  and  they  just  sort 
of  get  dropped  out.  I  mean,  that  does  not  get  discussed. 

Mr.  Moore.  If  you  look  at  the  testimony  that  I  submitted,  I  have 
a  chart  in  there  which  deals  with  population  growth  in  various  pe- 
riods, cold  periods  and  warm  periods.  As  you  can  see,  it  is  on  page 
8  of  the  formal  testimony  that  the  warmest  period,  5000  to  1000 
B.C.,  the  population  was  growing  faster  than  my  underlying  model 
would  suggest  it  should  have  been  growing. 

Then  there  was  a  cooling  period  and  also  a  slower  rate  of  growth 
of  the  population  during  that  period.  Then  we  had  the  Medieval 
warm  period,  and  again  a  more  rapid  rate  of  growth  in  the  popu- 
lation; and  then  the  mini-Ice  Age  within  again  a  slower  rate  of  pop- 
ulation. These  are  world  populations. 

Ms.  Rivers.  Let  me  ask  a  different  kind  of  question.  Which  is, 
if  the  equation  is  simply  warmer  equals  better,  why  do  we  not  find 
in  todays  world,  while  Hong  Kong  and  Singapore  may  well  be  good 
examples,  but  if  you  look  at  the  equatorial  portion  of  the  world  in 
its  totality,  that  is  where  the  Third  World  tends  to  be  grouped. 

Those  people  tend  not  to  be  the  most  economically  advanced  or 
have  the  highest  kind  of  health  status.  So  why,  if  the  equation  is 
that  simple,  applied  historically  why  is  it  not  that  simple  today? 

Mr.  Moore.  Because  as  I  said  in  response  to  an  earlier  question, 
today  climate  has  much  smaller  effects  on  human  development 
than  it  used  to  have  1000  or  5000  years  ago. 

It  is  notable  that  the  first  civilizations  developed  in  the  warmer 
parts  of  the  globe,  the  Middle  East,  Egypt,  and  then  eventually 
spread  north. 

Now  we  have  heating — so  as  I  said,  it  does  not  matter  whether 
you  operate  in  Canada  or  in  Mexico  as  far  as  the  climate  is  con- 
cerned. You  can  air  condition  or  heat  either  of  those. 

Ms.  Rivers.  The  other  question  I  have,  it  is  interesting  to  me  the 
degree  of  certainty  you  have  in  view  of  the  uncertainty  of  all  the 
scientists  who  are  looking  at  the  anthromechanical  changes. 

Mr.  Moore.  I  do  not  have  any  certainty  about  whether  we  are 
going  to  have  global  warming  and  how  much,  I  am  just  taking  their 
estimate  and  saying,  okay,  what  has  the  history  shown. 

Ms.  Rivers.  My  question  is.  How  can  you  be  so  certain  that  a 
change  in  temperature  due  to  C02  will  produce  exactly  the  same 
sorts  of  changes,  global  changes,  that  a  change  in  temperature  does 
due  to  the  things  that  created  it  over  the  history  of  our  civilization? 
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How  can  you  be  so  certain  that  an  entirely  new  phenomenon  will 
produce  the  same  effect? 

Mr.  Moore.  Well,  I  cannot  be  certain  that  the  effect  will  be  the 
same.  I  am  saying  this  is  a  piece  of  evidence  that  suggests  that 
warmer  is  better. 

We  have  had  periods  of  time,  according  to  archaeologists  that 
have  studied  ice  cores  and  things  like  that,  where  the  carbon  diox- 
ide was  considerably  higher  than  is  even  projected  under  the  most 
extreme  global  warming  models. 

Ms.  Rivers.  Is  that 

Mr.  Moore.  So  the  Earth  has  had  high  carbon  dioxide  levels,  has 
had  much  higher  temperatures  than  they  currently  do,  and  without 
any 

Ms.  Rivers.  Let  me  clarify  that,  because  that  was  something  I 
looked  at  earlier  today. 

My  understanding  is  that  C02  is  over  350  ppMs  today,  and  that 
in  the  last  8000  years  it  was  no  higher  than  300.  Is  that  a  correct 
statement? 

Mr.  Moore.  Over  the  last  8000  years?  Yes,  I  think  that  is  prob- 
ably roughly  right,  yes.  I  would  not  quarrel  with  that. 

Ms.  Rivers.  So 

Mr.  Moore.  I  am  talking  about  several  million  years  ago  there 
were  periods  of  time 

Ms.  Rivers,  [continuing]  — when  there  were  no  humans. 

Mr.  Moore,  [continuing]  — there  were  no  humans,  but  there  was 
lots  of  life  around. 

[Laughter.] 

Mr.  Moore.  And  the  life  was  doing  very  well 

Ms.  Rivers.  All  of  which  is  no  longer  extant. 

Mr.  Moore,  [continuing]  — and  the  Earth  did  not  burn  up,  as 
some  would  have  us,  under  global  warming  with  high  levels  of  car- 
bon dioxide. 

Ms.  Rivers.  Thank  you. 

I  have  just  one  question  for  Dr.  Corell  because  it  goes  back  to  an 
issue  that  we  oftentimes  hear,  that  dissident  scientific  views  are 
somehow  suppressed,  or  there  is  a  conspiracy  to  keep  people  from 
voicing  a  point  of  view  that  is  contrary  to  the  larger — or  not  sci- 
entifically correct. 

I  am  just  curious.  You  heard  the  debate  earlier  today  around  Mr. 
Michaels  and  his  concern  about  not  being  able  to  get  the  data  that 
were  relied  upon  in  developing  the  larger  proposal. 

Did  you  play  any  role  in  that? 

Have  you  had  any  experience  with  that? 

Mr.  Corell.  Let  me  address  it  from  two  perspectives. 

First  the  latter  part  of  your  question.  He  did  in  fact  ask  our  office 
to  assist  him  in  obtaining  that  data.  We  did  make  the  request  of 
the  UK  and  they  denied  us  the  same  way  they  denied  the  request 
of  him. 

Ms.  Rivers.  But  you  facilitated  his  request? 

Mr.  Corell.  We  did  seek  to  facilitate  the  answer,  because  we 
agree  that  a  full  and  open  disclosure  of  the  scientific  basis  and  the 
data  that  underpins  it  is  the  hearthstone  of  the  scientific  process. 

Ms.  Rivers.  Thank  you. 

Mr.  Corell.  And  we  would  stand  behind  that  on  all  matters. 
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With  respect  to  the  early  part  of  the  question,  one  of  the  guiding 
principles  of  the  implementation  of  the  U.S.  Global  Change  pro- 
gram is  that  program  shall  be  peer-reviewed.  The  elements  that 
are  in  the  program  have  gone  through  a  panel  process  before  they 
are  even  introduced  into  the  program;  and  that  the  agencies  such 
as  NSF  and  NASA  and  NOAA  who  are  the  primary  agencies  con- 
necting to  the  scientific  community  are  all  done  in  an  open  peer- 
review  process. 

There  are  many  more  proposals  than  we  can  possibly  fund.  So 
there  is  going  to  be  some  unhappiness  that  we  cannot  fund  every- 
one, but  having  watched  the  mail-review  process  and  the  panel-re- 
view process  right  up  close,  I  can  find  no  evidence  to  support  any 
allegation  that  there  has  been  brought  to  bear  influence  form  the 
political  side  of  the  equation. 

It  never  even  gets  to  the  panel,  and  it  never  even  gets  to  may 
level. 

Thank  you. 

Ms.  Rivers.  And,  Mr.  Chair,  I  just  wanted  to  point  out  that  when 
we  were  discussing  a  situation  earlier,  I  was  so  busy  wanting  to 
let  you  know  that  I  remembered  my  first  year  law  classes  and  the 
definition  of  libel  that  I  completely  forgot  to  mention  the  whole 
issue  of  privilege,  and  the  fact  that  anyone  who  testifies  in  front 
of  a  Congressional  Committee  is  privileged  and  may  not  be  the  sub- 
ject of  a  suit  by  an  outside  person. 

So  anybody  who  wants  to  come  forward — and  I  would  urge  them 
to  please  do  so — with  accusations  about  mistreatment  by  federal 
employees,  please,  if  this  is  a  problem,  we  have  got  to  get  it  out 
in  the  open  and  we  have  got  to  take  action. 

Mr.  CORELL.  We  would  agree. 

Mr.  ROHRABACHER.  Whether  I  had  ever  been  a  lawyer  at  all,  or 
ever  has  legal  training,  does  that  protection  also  cover  someone 
who  has  testified  and  later  is  asked  by  the  news  media  and  then 
makes  that  statement  to  the  news  media? 

Ms.  Rivers.  It  certainly  would  be  something  that  the  person 
could  look  into.  The  only  thing  they  would  find  themselves  subject 
to,  of  course,  is  perjury  if  they  are  not  telling  the  truth. 

Mr.  ROHRABACHER.  No,  no.  If  someone  testified  before  us  and 
then  made  a  statement — I  know  this  is  true  of  Members;  Members 
can  make  a  statement  on  the  Floor  and  they  can  also  make  that 
same  statement  to  members  of  the  media  and  they  are  pro- 
tected  

Ms.  Rivers.  It  is  privilege  in  terms  of  getting  it  to  us,  which  of 
course  is  what  the  doctor  wanted  was  for  us  to  take  action. 

Mr.  ROHRABACHER.  But  it  is  not  privileged  for  someone  to  make 
a  statement  before  us?  I  am  not  sure.  That  is  why  I  am  asking. 
And  then  go  to  the  outside — when  a  reporter  asks  for  clarification 
on  this,  my  guess  is  from  what  we  have  been  told  is  that  her  law- 
yers were  afraid  that  any  type  of  follow-through 

Ms.  Rivers.  Of  course  no  one  has  to  answer  any  questions  of  the 
press,  and  the  whole  question  was  whether  or  not  someone  could 
come  forward  with  the  specifics  of  these  allegations  and  get  some 
relief  from  Congress,  and  the  law  does  indeed  provide  for  that. 

Thank  you. 
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Mr.  ROHRABACHER.  Well,  I  hope  you  will  join  me  now  in  writing 
Mrs.  O'Leary  to  make  sure  that  she  stands  up  to  the  Vice  Presi- 
dent's Office  after  she  announced  that  Mr.  Happer  would  be  re- 
tained, and  then  she  fired  him  instead.  So  perhaps  we  will  get  a 
joint  letter  together  and  ask  that  she  stand  by  her  original  decision 
to  keep  him  because  he  was  qualified  for  the  position. 

Mr.  Olver,  why  don't  you  go  ahead  and  be  next — oh,  excuse  me, 
I'm  sorry.  I  didn't  see  you,  Mr.  Ehlers. 

Mr.  Ehlers.  Thank  you,  Mr.  Chairman.  I  am  getting  used  to 
being  overlooked. 

My  apologies  for  being  late,  and  coming  back.  I  had  two  quick 
meetings  on  the  Floor  that  detained  me. 

I  will  use  the  Bartlett  approach  and  run  through  a  series  of  ques- 
tions for  everyone,  or  not  quite  everyone  but  several,  and  ask  them 
to  comment  on  it. 

I  do  have  to  say  that  I  am  in  a  bit  of  a  dilemma  on  this  issue, 
as  so  many  that  we  deal  with,  in  the  sense  that  those  of  you  who 
know  me  know  that  I  am  fairly  cautious  and  careful  and  conserv- 
ative. 

I  am  torn  on  the  one  hand  by  saying,  well,  as  a  good  fiscal  con- 
servative we  should  not  spend  money  on  things  that  we  may  not 
need. 

But  as  an  environmental  conservative,  or  a  conservationist,  I  say 
we  have  got  to  be  very  careful  to  make  sure  we  do  not  get  into  an 
irreversible  situation. 

On  that  score  I  appreciate  Dr.  Nierenberg's  testimony  and  I  am 
going  to  ask  him  in  a  minute  to  amplify  on  that. 

I  should  parenthetically  note  that  our  relationship  goes  back  a 
long  ways.  I  had  him  as  a  professor  at  Berkeley  many  years  ago 
and  ended  up  doing  my  thesis  work  under  Dr.  Nierenberg. 

So,  for  better  or  for  worse,  I  have  been  greatly  influenced  by  him 
over  the  years.  He  is  a  very  distinguished  scientist  who  has  not 
only  served  the  cause  of  science  well,  but  has  also  been  very  active 
in  government  service  on  many  different  panels  beginning  in  the 
1960s. 

I  think  he  is  partly  responsible  for  my  political  career  because 
when  he  came  back  from  Washington  after  various  panels,  he 
would  talk  to  his  graduate  students  about  what  went  on  in  Wash- 
ington. 

I  will  never  forget  the  time  when  he  came  back  and  said  he  had 
resigned  from  a  very  important  panel  dealing  with  the  Vietnam 
War,  saying  no  matter  what  we  do  it  is  going  to  get  worse  and  we 
can't  do  anything  about  it,  so  I'm  getting  out,  and  particularly  since 
the  President  wouldn't  listen  to  his  advice  at  that  time. 

So  I  do  appreciate  your  coming  here  today  and  testifying. 

Another  comment  I  wanted  to  make.  Dr.  Watson,  on  your  testi- 
mony. A  very  key  point  and  something  that  I  learned  long  ago  in 
life  is  that  prevention  is  far,  far  cheaper  and  generally  far  better 
than  anything  else  you  can  do.  This  is  particularly  true  in  the  envi- 
ronment. 

Preventing  a  toxic  waste  spill  is  almost  infinitely  cheaper  than 
cleaning  up  a  toxic  waste  spill. 
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In  the  global  warming  or  climate  change  issue,  preventing  the 
problem  is  the  best.  That  is  where  I  believe  energy  efficiency  is 
very  important. 

I  have  never  quite  understood  why  that  has  not  caught  on,  be- 
cause using  energy  more  efficiently  not  only  lessens  environmental 
problems  but  improves  the  economy.  You  save  money.  Yet,  people 
do  not  latch  onto  it  in  spite  of  proven  effectiveness. 

I  think  the  EPA's  green  lights'  program  is  a  good  example  of  that 
where,  once  the  industry  was  shown  they  could  install  new,  im- 
proved lighting  systems  with  payback  periods  of  one  and  a  half  to 
two  years,  they  all  did  it,  but  no  one  had  bothered  to  tell  them 
about  it. 

I  think  that  is  one  important  factor  that  we  as  a  Nation,  and  par- 
ticularly as  a  government,  should  pursue. 

Having  said  that,  following  up — and  I  am  sorry  I  missed  part  of 
Ms.  Rivers'  comments,  and  if  this  is  duplicative  feel  free  not  to  re- 
spond, or  to  make  that  comment,  but  first  of  all,  Dr.  Moore: 

The  historical  evidence  I  think  would  certainly  support  your  the- 
sis that  warmer  climate  has  helped  in  many,  many  instances.  The 
problem  is,  we  now  have  an  advanced  civilization  with  many  cities 
along  seaboards. 

If  in  fact  we  do  have  any  considerable  global  warming  and  rise 
in  sea  levels,  it  seems  to  me  that  is  deleterious  to  today's  world 
rather  than  advantageous.  I  would  appreciate  your  comment  on 
that. 

Also,  I  wonder  if  you  could  just  run  through  the  very  important 
point  you  were  making  because  I  think  that  is  very  crucial  to  our 
discussion  today  of  the  thousand-year  decay  time  for  getting  C02 
out  of  the  atmosphere  versus  the  shorter  time. 

I  am  not  sure,  because  you  were  rushed  toward  the  end,  that  the 
panel  really  understood  why  you  are  talking  about  a  much  shorter 
time  than  most  others  are. 

Finally,  Drs.  Watson  and  Corell,  the  other  issue  that  I  heard  dis- 
cussed as  I  walked  in  a  minute  ago,  it  came  in  also  at  the  begin- 
ning of  the  hearing,  and  it  is  a  concern  of  mine  as  a  scientist. 

I  happen  to  think  the  peer  review  system  is  a  very  good  system, 
but  I  am  also  concerned  that  what  I  have  seen  emerging  in  the  last 
decade  or  perhaps  even  two  decades  upon  occasion  is  what  I  would 
call  politically  correct  science,  that  if  somehow  you  are  not  doing 
politically  correct  science  or  your  proposal  is  not  politically  correct, 
the  chances  of  it  getting  funded  are  poorer  and/or  if  you  are  al- 
ready a  government  employee,  you  may  suffer  as  Will  Happer  did. 

I  happen  to  know  Mr.  Happer  has  worked  in  the  same  laboratory 
many,  many  years  ago,  very,  very  bright,  very,  very  capable  person 
and  was  treated,  I  think,  very  shabbily. 

I  recognize  the  administration  had  the  right  to  replace  him  at 
any  time,  but  the  circumstances  were  such  that  it  was  obvious  he 
was  fired  for  disagreeing  with  some  particular  scientific  belief. 

So  I  would  appreciate  your  comment  on  that,  too,  and  I  know  Dr. 
Nierenberg  as  well  is  well  acquainted  with  Will  Happer  too.  He 
may  want  to  get  himself  in  trouble.  Actually,  you  can't  anymore, 
now  that  you  are  emeritus,  but  you  may  want  to  comment  on  the 
Happer  episode,  too> 
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So  everyone  here  has  a  little  question  to  answer  except  Mr.  Gar- 
diner. 

Mr.  Watson? 

Dr.  Watson.  With  respect  to  the  peer  review  system,  I  think 
whether  it  is  actually  as  a  funding  agency — I  used  to  be  at  NASA 
before  I  went  to  the  White  House — and  with  respect  to  peer  review 
of  a  document  like  this,  I  think  we  are  all  trying  very,  very  hard 
to  get  a  wide  range  of  peer  reviews  so  that  this  issue  of  scientif- 
ically or  politically  correct  is  a  non-issue. 

I  think  science  only  progresses  by  getting  that  wide  range  of 
views,  I  think,  such  as  the  Chair  of  this  committee  has  done.  He 
has  got  a  wide  range  of  views  at  this  table. 

When  we  peer  reviewed  this  document,  we  went  through  a  very 
wide  range  of  views — academia,  government  labs,  industry  sci- 
entists, business  people,  and  governments  all  over  the  world,  from 
Russia  to  Bangladesh  to  the  United  States 

So,  I  think,  whether  you  have  tried  to  decide  what  research  to 
fund  or  how  to  peer  review  this  document,  all  of  us  believe  in 
transparency  and  all  of  us  believe  in  moving  forward. 

So  I  think,  the  system,  while  no  system  is  perfect,  is  probably  as 
good  a  system  as  we  can  develop  at  this  moment  in  time.  That  is 
why,  when  we  peer  reviewed  this  document,  we  announced  it  in  the 
Federal  Register  notice  so  any  single  individual  in  the  United 
States  who  wanted  to  peer  review  it  had  the  opportunity  to  peer 
review  it. 

Mr.  CORELL.  Why  don't  I  stay  on  that  topic.  Let  me  just  talk 
about  it  from  the  NSF  perspective,  and  I  think  it  is  replicatable  in 
the  other  agencies  that  work  with  directly  with  the  scientific  com- 
munity. 

Any  single  proposal  that  comes  to  the  NSF  is  exposed  to  a  vari- 
ety of  individuals  who  are  technically  competent  in  that  field.  We 
maintain  a  list,  of  some  two  or  three  hundred  thousand  individuals 
not  only  in  the  U.S.  but  elsewhere  in  the  world  who  are  part  of  the 
pool  from  which  we  select  peer  review. 

We  have  a  check  on  the  system.  Every  single  program  at  the  Na- 
tional Science  Foundation  is  reviewed  by  another  group  of  individ- 
uals in  what  we  call  a  committee  of  visitors,  a  program  down  at 
the  level  where  grants  are  made,  and  every  single  jacket,  a  jacket 
is  the  set  of  documents  associated  with  any  award,  every  document 
is  available  to  them  and  they  do,  in  fact,  on  a  sample  basis  go 
through  them  to  assure  us,  the  management,  that  every  single  ef- 
fort has  been  done  well,  thoroughly,  and  carefully. 

Further,  if  any  individual  believes  they  have  not  been  thought- 
fully handled  in  their  proposal  process,  they  may  appeal  it,  and 
that  appeal  process  has  many  levels,  will  come  to  me  as  the  AD 
for  the  geosciences.  I  will  then  have  another  group  of  individuals 
that  have  nothing  to  do  with  the  first  cut  look  at  that  and  counsel 
me  as  to  whether  the  process  was  clean,  if  there  were  any  irreg- 
ularities. 

After  eight  years  at  the  National  Science  Foundation,  I  have  not 
been  exposed  to  one  condition  where  I  couldn't  say  that  the  process 
was  clean. 

If  the  individual  is  still  unhappy,  he  can  appeal  to  the  director 
of  the  NSF. 


247 

So  there  is  a  whole  variety  of  sets  of  checks  and  balances  in  the 
system  to  help  us  assure  that  the  process  is  full  and  open. 

I  think  one  of  the  difficulties  is  that  the  pressure,  the  proposal 
pressure  at  the  National  Science  Foundation  and  the  other  agen- 
cies, has  increased  dramatically  during  the  last  several,  say,  a  dec- 
ade. We  had  success  ratios  in  the  30  to  50  percent  region.  We  have 
success  ratios  in  programs  that  are  a  few  percent.  The  reason  for 
that  is  the  level  of  interest,  the  level  of  our  scientific  community's 
capability.  A  lot  of  those  individuals  do,  in  fact,  have  good  research, 
it's  just  not  possible  to  fund  it  all.  And  we  have  tried  very  carefully 
in  making  the  final  decision  that  no  outside  influence  is  brought  to 
bear  on  the  decision  process. 

I  hope  that  gets  at  some  of  the  issues  that  you  raise,  and  if  there 
aren't,  please  raise  more. 

Mr.  Baker.  Mr.  Chairman,  can  I  donate  my  five  minutes  to  fin- 
ish up  the  questions  here?  I  am  not  going  to  speak. 

Mr.  ROHRABACHER.  Without  objection. 

Mr.  Ehlers.  Thank  you,  Mr.  Baker. 

Dr.  Nierenberg? 

Mr.  Nierenberg.  Mr.  Chairman,  actually,  both  of  my  remarks 
are  personal.  I  really  do  appreciate  Congressman  Ehlers's  state- 
ment about  me.  I  have  to  say,  in  return,  that  I  and  my  colleagues 
from  Berkeley,  the  good  old  days,  really  are  very  proud  of  him  and 
think  you  ought  to  be  very  grateful  to  have  somebody  as  astute  and 
wise  as  he  where  he  is  at. 

The  other  personal  remark  is  actually  in  direct  response  to  the 
question.  To  enlarge  on  this  question  of  lifetimes,  you  see,  I  per- 
haps overemphasize  it  because  I  made  a  very  bad  mistake  in  that 
ten  years  ago,  you  see,  I  was  chairman  of  the  National  Academy 
of  Science's  major  report  on  the  subject,  "Our  Changing  Climate," 
which  came  out  in  1983,  and  our  science  was  very  good.  The  report 
still  stands,  and  it  is  still  valuable,  and  not  terribly  much  different 
in  total  from  what  you  heard  today.  On  all  fronts  we  have  moved 
ahead,  including  essentially  all  the  topics  you  heard. 

However,  my  attitude  was  different  then  because  in  the  lit- 
erature, and  there  was  part  of  the  literature  I  did  not  look  behind, 
there  were  a  number  of  articles,  curves,  that  dwelt  on  the  fact  that 
it  would  take  a  thousand  years  or  more,  you  see,  for  anthropo- 
logical introduction  of  carbon  dioxide  in  the  atmosphere  to  dis- 
sipate. I  just  made  the  quite  elementary  remark  immediately  that 
then,  you  see,  it  would  be  hard  to  take  any  risk  with  major  pertur- 
bations of  our  environment  if,  in  fact,  we  do  and  have  to  sit  around 
for  a  thousand  years  for  it  to  dissipate.  That  is  essentially  what  we 
call  irreversible. 

That  colored  my  thinking.  That  colored  my  approach  at  the  time, 
which  meant  that  you  sort  of  moved  over  to  the,  you  know,  small- 
est possible  risk  as  a  matter  of  great  concern. 

What  happened  is,  well,  I  can  tell  you  when  my  viewpoint 
changed,  about  four  years  ago.  At  first  I  didn't  realize  those  num- 
bers were  pulled  out  of  a  hat.  I  can  tell  you  where.  The  carbon  at 
the  bottom  of  the  ocean  is  a  thousand  years  old.  It  was  that  sort 
of  argument.  It  is,  incidentally. 

What  happened  was  the  Germans  in  Hamburg  came  out  with 
what  I  think  is  still  the  best  model,  possibly  because  it  is  the  new- 
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est,  atmosphere-coupled  oceanic  model,  in  Hamburg,  led  by  Klaus 
Hasselman,  a  very  distinguished  and  brilliant  scientist — environ- 
mental scientist. 

Their  model  for  the  first  time,  really,  calculated  what  this  life- 
time would  be.  It  really  basically  has  to  do  with  the  rate  at  which 
C02  goes  into  different  levels  of  the  ocean.  This  is  the  first  decent 
ocean  model,  and  it  came  up  with  the  answer  I  gave  you,  which  is 
a  complicated  answer,  but  let  me  say  that  it  means  that  the  decay 
is  approximately  100  years  instead  of  a  thousand  years. 

That  altered  my  thinking  completely  on  the  subject.  It  doesn't 
mean  that  I  don't  think  global  warming  is  not  a  potential  problem. 
It  is  a  serious  matter,  and  we  do  want  to  spend  money  on  it.  Every- 
thing is  the  same,  except  that  sort  of  some  of  the  panic  aspect  is 
removed. 

That  is  all  I  am  really  trying  to  say,  that,  in  fact,  with  the  im- 
proving calculations  and  our  better  understanding,  that  perhaps  we 
must  worry  more  about  forests  than  sea  level  or  vice  versa.  But 
this  is  all  in  the  future,  and  we  have  time  to  do  this. 

Not  only  that,  even  more  than  that,  on  the  other  side  of  the  mat- 
ter, the  changes  you  heard  about,  and,  incidentally,  I  am  told  we 
can  do  a  30  percent  reduction  in  energy  efficiency  in  our  country. 
I  get  this  from  EPRI.  It  will  probably  happen  with  or  without  gov- 
ernment help.  That  30  percent  will  be  reflected  in  a  proportionate 
decrease  in  the  effect,  the  ultimate  effect,  of  the  C02. 

Under  the  previous  scenario,  it  would  have  had  practically  no  ef- 
fect. This  is  what  I  mean  about  the  altered  picture  of  the  lifetime 
in  the  atmosphere.  It  sort  of  changes,  not  the  worry  about  the  prob- 
lem, but  the  intensity  of  when  we  have  to  do  things  about  it. 

Mr.  Ehlers.  Thank  you. 

Dr.  Moore? 

Mr.  Moore.  Thank  you. 

You  asked  about  the  sensitivity  of  the  risks  that  advanced  civili- 
zations had  being  located  along  the  oceans  areas.  Civilizations  and 
cities  have  always  been  located  on  water  bodies  or  near  water  bod- 
ies because  that  facilitated  transportation  and  made  the  cities  via- 
ble. 

But  today,  if  you  look,  the  advanced  countries  are  much  less  at 
risk  for  natural  calamities,  which  global  warming  and  rise  of  sea 
level  would  certainly  be  one,  than  poorer  places. 

Just  take  as  an  example,  I  think  it  was  about  1990  or  there- 
abouts, there  was  an  earthquake  in  Armenia  of  about  7.1.  It  was 
devastating.  I  think  there  were  tens  of  thousand  of  people,  I  have 
never  seen  a  final  figure  on  it,  who  died  there,  and  they  have  had 
difficulty  recovering  from  it.  Those  same  magnitude  earthquake  oc- 
curred in  1989  in  the  San  Francisco  area,  in  the  Loma  Pieta.  There 
was,  I  believe,  66  deaths  due  to  a  collapse  of  one  freeway.  Most  of 
them  were  in  that  area. 

The  order  of  magnitude  is  just  significantly  different  if  you  have 
a  natural  calamity  in  a  rich  country  with  lots  of  infrastructure  and 
well-built  buildings  as  opposed  to  poverty. 

What  we  need  to  do  to  deal  with  the  possibility  that  some  poor 
countries  would  be  adversely  affected  by  global  warming  is,  in  fact, 
try  to  encourage  them  and  do  what  we  can  to  foster  more  rapid  eco- 
nomic growth  because  if  they  get  richer,  they  will  be  better  able  to 
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protect  themselves,  they  will  be  less  vulnerable  to  any  kind  of  rise 
in  the  sea  level. 

I  might  also  want  to  say  something  as  an  economist  about  energy 
efficiency.  Energy  efficiency,  of  course,  is  a  good  thing,  but  it  is  not 
the  end  of  ever5d:hing.  For  example,  again,  a  homey  example,  I  read 
recently  of  a  Geo  Metro  car.  It  got  55  miles  to  the  gallon.  It  is  a 
real  efficient  car.  I  was  scared,  petrified  when  I  was  on  a  freeway. 
There  is  nothing  between  you  and  anything  else.  It  is  a  small, 
lightweight  thing  that  if  you  run  into  anything,  even  with  all  the 
seat  belts  and  air  bags,  you  are  probably  dead  meat. 

So  there  are  other  things  besides  energy  efficiency,  like  safety, 
like  convenience,  and  consumers  and  business  people  take  these 
into  account  in  imposing  them  and  adopting  a  strategy. 

Now,  we  do  have  problems  in  some  former  communist  countries 
where  they  had  priced  energy  so  low  that  it  was  totally  wastefully 
used.  They  should  be  raising  their  energy  to  world  market  prices. 
That  would  make  their  economies  more  efficient  and  reduce  con- 
sumption. 

Mr.  Ehlers.  We  have  to  bring  this  to  a  close. 

Let  me  just  observe,  economists  generally  go  wrong  on  energy  ef- 
ficiency because  they  try  to  fit  it  into  econometric  models,  which 
really  are  not  appropriate  for  energy  usage.  We  don't  have  time  to 
get  into  that  here. 

But  I  would  also  comment  that  if  everyone  drove  Geo  Metros, 
there  would  be  no  problem. 

Mr.  Moore.  Oh,  yes,  there  would.  You  run  into  a  telephone  pole, 
a  truck,  run  off  the  road. 

Mr.  Ehlers.  No.  Absolutely  not.  That  is  not.  I  am  sorry.  I  see 
all  the  scientists  agreeing  with  me.  By  simple  laws  of  physics,  the 
only  thing  you  have  to  worry  about  is  running  into  a  truck. 

Mr.  Moore.  There  will  be  trucks  on  the  road. 

Mr.  Ehlers.  Pardon  me? 

Mr.  Moore.  There  are  going  to  be  buses  on  the  road.  You  run 
into  a  truck  or  a  bus. 

Mr.  Ehlers.  That's  right.  Trucks  and  buses,  you  worry  about. 
You  do  not  worry  about  telephone  poles  or  concrete  abutments. 

Mr.  Rohrabacher.  I  think  the  Chair  should  interrupt  this  aca- 
demic squabble.  [Laughter.] 

Mr.  Ehlers.  Don't  interrupt  me  when  I  am  right. 

Mr.  Rohrabacher.  Obviously,  we  have  two  different  disciplines 
at  play  here. 

Mr.  Olver,  would  you  like  to  proceed  for  5  minutes? 

Mr.  Olver.  Thank  you,  Mr.  Chairman. 

I  am  sorry.  My  appetite  got  so  whetted  or  my  interests  so  piqued 
this  morning,  but  then  other  things  got  into  the  equation  along  the 
way. 

I  have  to  say  I  am  always  stunned  by  the  gentlemen  and  gen- 
tleman from  Michigan  and  the  equanimity  that  he  brings  to  these 
kinds  of  discussions,  and  I  am  very  grateful  always  for  what  he 
raises,  and  I  will  return  to  a  couple  of  things  that  he  has  said  along 
the  way. 

From  my  point  of  view,  I  try  to  take  the  long  view  on  things  like 
this,  and  global  warming,  it  seems  to  me,  and  the  environmental 
is  about  as  critical  an  issue,  and  there  are  probably  some  more 
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things  that  go  with  it.  The  ozone  layer  stuff  certainly  is  a  part  of 
the  overall  environmental  issue. 

But  I  must  say  that  it  seems  to  me  a  very  simple  way  of  describ- 
ing what  I  have  heard  this  morning  from  the  two  panels,  and  it  is 
exceptionally  simple  compared  with  the  complexity  of  this,  is  the 
elephant  that  is  being  described  by  a  group  of  different  people  who 
have  blindfolds  on  them.  Sometimes  I  am  not  sure  whether  it  is 
just  blindfolds  or  the  people  doing  the  description  are  blind,  wheth- 
er they  are  back  there  or  up  here  in  the  process,  and  it  is  probably 
some  combination  of  both. 

I  would  say  that,  as  a  comment  to  Mr.  Moore,  Dr.  Moore,  that, 
yes,  there  may  be  some  climate  improvement,  but  on  the  other 
hand  we  also  know  of  many  cases  where  the  climate  has  changed 
dramatically  in  the  adverse  way.  Many  of  the  deserts  that  we  have 
now  were  fine  growing  areas  at  one  other  time. 

So  there  are  usually  some,  whether  they  are  equivalent  things 
happening  in  the  other  direction  and  the  business  about  I  really 
wonder  about  the  suggestion  that  merely  industrializing  Ban- 
gladesh will  do  an3rthing  much  about  what  effect  the  sea  rise  would 
have  on  Bangladesh. 

They  are  perhaps  the  most  outrider  kind  of  view  of  where  pov- 
erty is  at  the  moment  and  also  where  the  impact  of  sea  rise  might 
occur. 

You  wanted  to  say  something? 

Mr.  Moore.  Well,  just  on  the  desert  portion,  the  Sahara  Desert, 
during  the  warm  period  that  I  described  earlier  in  my  testimony, 
3,000,  6,000,  7,000  years  ago  was  actually  a  period  where  cave 
drawings  from  that  period  of  time  showing  hippopotamuses,  ca- 
noes, and  other  animals  that  you  don't  find  in  that  desert  area  now 
was  obviously  much  wetter  during  that  warm  period  than  it  is 
today. 

One  would  expect  that.  Actually,  a  warm  period  will  move  the 
rain,  the  monsoon  rain  further  north,  and  so  both  Saudi  Arabia 
and  that  area  and  Sahara  was  much  wetter  during  that  warm  pe- 
riod. 

Mr.  Olver.  I  don't  doubt  it  at  all.  I  wanted  to  comment  to  Dr. 
Corell  about  the  modeling.  It  seems  just  in  the  last  month  or  so  we 
have  had  a  rather  dramatic  new  situation  in  regard  to  space  data 
coming  from  space  analysis  having  to  do  with  plate  tectonics  and 
where  the  plate  boundaries  are  and  so  on,  because  what  had  been 
quite  coarse  kinds  of  data  taken  of  the  ocean  bed  now  we  have  kind 
of  continuous  data  and  some  extremely  much  finer  sort  of  data  was 
now  available  on  just  the  issue  of  what  were  the  depths  of  the 
ocean. 

That  is  a  much  simpler  single  dimensional  kind  of  an  issue  com- 
pared with  the  whole  issue  of  climate.  I  mean,  I  can  imagine  we 
will  even  improve  greatly  in  that  area  in  that  single  dimension 
whereas  when  we  are  talking  about  climate,  I  think  the  record  is 
all  there.  And  modeling,  if  one  is  doing  proper  modeling,  is  prob- 
ably modeling  that  if  we  had  that  record  of  all  the  way  from  long- 
term  fossils  to  tree  rings  and  sediments  and  a  whole  variety  of 
other  things,  we  probably  could  go  back  and  read  with  much  great- 
er accuracy  than  now  we  think  about  is  what  happened  climatically 
in  various  places  going  back  some  period  of  time. 
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So  good  modeling,  while  good  modeling  with  great  luck  with  data 
and  great  advance  with  data  might  be  able  to  get  us  to  the  point 
where  we  could  know  really  what  the  combination  of  long-term  nat- 
ural effects  and  short-term  natural  effects  were  as  climate  has 
evolved  over  time. 

Now,  what  we  are  dealing  with  largely  in  global  warming  is  the 
issue  of  whether  or  not  this  species  has  had  an  effect  over  and 
above  whatever  one  could  find  in  reality  which  is  going  backward 
versus  what  we  would  like  to  be  able  to  predict  from  those  models 
going  forward  if  we  knew  what  all  the  things  ought  to  be  consid- 
ered. And  we  are  always  finding  new  and  making  new  corrections 
in  items  that  ought  to  be  considered  in  our  models,  which  we  had 
some  argument  about. 

But  consider  we  will  always  have  arguments  about  what  is  con- 
sidered and  whether  the  correction  is  complete  or  correct  or  needs 
another  perturbation  along  the  way  to  deal  with  it  properly.  But 
I  think  that  our  modeling  surely  will  improve  greatly  over  time. 

Now,  I  would  like  to  address  those  more  or  less  comments  and 
some  people  may  want  to  comment  back  or  whatever  at  you 
chance.  But  I  wanted  to  go  over  to  Dr.  Nierenberg. 

It  is  perhaps  a  little  bit  presumptuous  of  me  after  the  bouquets 
that  have  been  sent  you  by  the  gentlemen  and  gentleman  from 
Michigan  here  earlier.  You  are  a  physicist,  I  have  now  discovered, 
not  an  oceanographer. 

Mr.  Nierenberg.  Oh,  I  am  both. 

Mr.  Olver.  You  started  as  a  physicist. 

Mr.  Nierenberg.  Yes,  sir. 

Mr.  Olver.  And  you  are  now  retired?  Is  that  so? 

Mr.  Nierenberg.  Oh,  I  am  retired  now,  yes. 

Mr.  Olver.  Yes. 

Mr.  Nierenberg.  But  we  do  have  a  subject  called  physical  ocean- 
ography. 

Mr.  Olver.  That's  fine. 

In  your  testimony,  that  was  the  one  thing  in  this  in  and  out  that 
I  did  manage  to  read  with  some  degree  of  care,  in  your  testimony, 
these  two  documents  that  you  base  it,  are  these  your  documents? 

Mr.  Nierenberg.  Yes,  sir. 

Mr.  Olver.  These  are  your  writings.  These  are  not  your  research 
papers  but  they  are  rather  what  might  be  called  review  papers? 

Mr.  Nierenberg.  Exactly.  That  is  precisely  right. 

Mr.  Olver.  The  literature  at  the  particular  time.  But  these  are 
much  more  recent  than  your  chairmanship  of  the  national  science 
committee? 

Mr.  Nierenberg.  These  are  within  the  last  couple  of  years. 

Mr.  Olver.  Yes.  Now,  the  point  which  Mr.  Ehlers  addressed  I 
would  like  to  address  again.  I  think  it  is  rather  critical  and  rather 
important  to  this  whole  discussion,  and  I  would  like  to  understand 
a  little  bit  more  clearly  how  you  move  from  a  position  of  feeling 
that  there  is  urgency  to  one  of  feeling  much  greater  equanimity  is 
this  process. 

Mr.  Nierenberg.  Well,  you  could  call  it  a  mistake  on  my  part 
of  12  years  ago  or  whatever. 

Mr.  Olver.  After  12  years  you  see  things 
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Mr.  NiERENBERG.  What  happened  was  when  we  did  our  competi- 
tion for  the  academy,  it  came  out  in  1993,  of  course  we  had  to  cover 
a  huge  Hterature.  There  were  papers  in  the  Hterature  that  had  spe- 
cific curves  showing  utihzation  of  fossil  fuel,  you  know,  over  tine 
and  how  it  would  behave  in  the  atmosphere  after  it  was  all  ex- 
hausted. It  was  precisely  that. 

I  took  those  curves  as  published,  you  see,  and  they  did  show  a 
thousand-year  decay  period. 

Mr.  Olver.  Okay.  Now,  you  mentioned,  though,  a  particular 
model  that  particularly  struck  you  now. 

Mr.  NiERENBERG.  Oh,  yes. 

Mr.  Olver.  For  instance.  Dr.  Watson,  this  model  that  Dr. 
Nierenberg  points  out,  is  that  one  that  you  have  now  examined  and 
had  an  opportunity  to  look  at  to  judge  or  assess  the  implications 
of  that  model,  the  model  from  1991,  the  German  model,  '90,  '91, 
whatever  it  was,  the  Hamburg  model? 

Mr.  Watson.  I  haven't  personally  examined  it  in  detail,  but  it 
has  been  examined  in  detail  by  people  associated  with  the  IPCC. 

What  Dr.  Nierenberg  says  about  how  the  lifetime  is  not  a  thou- 
sand years  is  absolutely  correct.  It  is  not  only  Dr.  Nierenberg's 
model,  it  is  Dr.  Mahlman's  model,  the  GFDL,  and  many  others. 

The  first  half-life,  you've  got  C02  in  the  atmosphere,  the  first 
half-life  is  probably  30  to  50  years.  The  next  half  will  come  out  in 
maybe  100  to  150  years  £ind  the  third  in  maybe  in  500  years. 

So,  indeed,  it  is  not  a  thousand  years. 

Mr.  Olver.  It  is  not  a  normal  radioactive  decay  half-life,  it's  a 
different  kind  of  a  half-life  process? 

Mr.  Watson.  Exactly. 

Mr.  Olver.  One  of  diffusion  and  slow  reaching  of  an  equilibrium 
state. 

Mr.  Watson.  Exactly. 

Mr.  Olver.  It  takes  a  very  long  time  for  any  particular  input  of 
C02. 

Mr.  Watson.  Correct.  It's  got  multiple  half-lives,  and  a  number 
that  Bill  would  suggest,  100  to  150  years,  most  would  say  that's  a 
reasonable  way  to  look  at  it. 

I  come  to  a  very,  very  different  policy  conclusion,  though,  than 
Bill,  unfortunately,  and  that  is  100  and  150  years  is  still  a  very 
long  time  for  policy  formulation.  Just  think  of  the  stratospheric 
ozone  issue.  The  average  lifetime  of  those  fluorocarbons  is  also  50 
to  100  years.  Even  though  we  have  banned  them  100  percent,  mid- 
latitude  ozone  depletion  and  the  Antarctic  ozone  hole  will  be  here 
for  at  least  into  the  middle  of  the  next  century. 

Therefore,  if  we  were  to  allow  carbon  dioxide  to  build  up  to  a 
level  where  we  find  there  was  adverse  environmental  damage, 
human  health,  loss  of  forest,  sea  level  rise,  any  of  these,  and  then 
we  wanted  to  reverse  that  damage,  we  still  are  within  hundreds 
and  hundreds  and  hundreds  of  years,  even  if  you  accept  Bill's  num- 
bers. 

So  it's  not  a  quick  policy  fix  basically. 

Mr.  Olver.  Dr.  Nierenberg,  is  the  model  one  which  is  a  way  of 
interpreting  data?  I  have  a  copy  of  one  of  the  papers  here  that 
would  be  "Progress  and  Problems"  paper,  in  which  my  impression. 
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my  impression  of  the  references  that  you  use  is  not  the  German 
reference  but  a  different  reference. 

Mr.  NiERENBERG.  Yes,  there  are  two  of  them,  sir. 

Mr.  Olver.  I  see. 

Mr.  NiERENBERG.  In  fact,  just  rereading  it,  I  am  a  Uttle  embar- 
rassed. It  turns  out  that  the  reference  I  specifically  give  in  Tells 
is  very  detailed.  Let  me  explain  the  difference. 

The  German  reference,  you  see,  is  that  to  an  ocean  model.  And 
the  reason  I  chose  it  was  that  it  was  the  first  one  to  come  up  with 
this  effect.  It  is  true  that  the  other  models  now  give  more  or  less 
the  same  answers. 

But  the  German  model  wasn't  specifically  done  for  that  purpose. 
It's  a  general  model  of  behavior  of  climate.  The  reference  I  give  in 
Tells  is  a  reference  of  a  detailed  study  of  lifetimes  in  general.  In 
fact,  I  discovered  in  rereading  it  recently  in  that  reference  they 
themselves  refer  to  the  German  model,  among  other  things  as  well. 

Mr.  Olver.  In  their  paper,  they  refer  to  the  German  model. 

Mr.  NiERENBERG.  As  well  among  other  things. 

Mr.  Olver.  Did  you  talk  with  the  authors  of  that? 

Mr.  NiERENBERG.  No.  No.  I  didn't  talk  to  the  authors. 

Mr.  Olver.  That  paper  that  you  cite  there? 

Mr.  NiERENBERG.  I  have  listened  to  papers  by  Professor 
Hasselman  of  the  first.  In  fact,  that  is  what  got  me  my  start. 

Mr.  Olver.  See,  I  am  not  sure  but  what  we  are  talking,  the  thing 
that  is  bothering  me,  maybe  you  already — maybe  it  comes  in, 
maybe  you  agree  in  large  measure  with  what  Watson  has  just  fin- 
ished saying  about  how  much  the  half-lives  occur  and  how  there  is 
a  much  longer  half-life  for  another,  because  my  impression  at  least 
of  a  quick  reading,  I  must  say,  of  the  paper  that  you  cite,  is  that 
they  do,  in  fact,  say  that  a  fair  amount  of  it  goes  away  quite  quick- 
ly and  then  there  is  still  quite  a  lot  that  stays  a  very  long  period 
of  time. 

Mr.  NiERENBERG.  No,  it's  not  quite  a  lot.  It,  you  know,  Mr.  Chair- 
man  

Mr.  Olver.  If  it's  half-life,  half-life,  then  we  know  that- 


Mr.  NiERENBERG.  No,  no,  but  there  are  coefficients  in  front. 

Mr.  Olver.  [continuing]  — it  would  be  one-eighth  that  is  sitting 
there  over  a  long  period  of  time. 

Mr.  NiERENBERG.  No,  there  are  coefficients  in  fi-ont,  and  it  is  not 
a  lot  that  is  left  over. 

Let  me  make  one  little  correction.  There  is  still  another  one. 
There  is  about  a  two-year  half-life  right  in  the  very  beginning  that 
we  ignore  entirely.  See,  the  first  thing  that  happens  is  we  put  the 
002  in  the  atmosphere  and  within  a  very  short  time  half  of  it  goes 
into  the  upper  ocean. 

But  that  half-life,  we  just  don't  even  discuss. 

Mr.  Olver.  Yes.  Well,  that  is  really  not  worth  discussing.  Cor- 
rect? 

Mr.  NiERENBERG.  That's  right.  Then  we  have,  you  see , 

Mr.  NiERENBERG.  Then  we  have  a  series  of  other  seats  with  coef- 
ficients. I  tried  to  say  it  here,  but  of  course  it's  abbreviated,  that 
depending  on  how  long  you  put  in  your  C02  and  what  the  shape 
is  of  how  you  put  in  the  C02,  so  is  your  response,  you  see.  I  just 
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can  only,  since  I  can't  predict  the  future  of  how  we  are  going  to  be 
putting  it  in,  you  know,  I  give  a  number  that  is  quite  right. 

But  now  that  I  have  the  opportunity,  Mr.  Chairman,  I  would  like 
to  disagree  with  Dr.  Watson  here  in  this  respect.  This  is  not  the 
only  lifetime  I  mention  in  the  paper.  You  see,  in  a  sense,  what  he 
says  is  correct,  you  don't  want  to  wait,  you  have  to  wait  a  hundred 
years  to  see  an  effect  dissipate.  However,  I  did  talk  about  another 
time,  you  see,  which  was  the  difference  between  the  year  2040  and 
the  year  2100.  That  is  also  an  expansion  of  the  time  in  which  we 
have  to  operate. 

Mr.  Olver.  You  also  wrote  in  your  testimony,  though,  and  I  am 
going  to  quote  here,  "On  the  one  h£ind,  those  who  feel  that  correc- 
tive measures  must  be  taken  immediately  can  now  take  comfort  in 
the  fact  that  any  reasonably  applied  change  would  be  reflected  in 
a  proportionate  reduction  in  the  peak  C02  concentration." 

So  that  is  related  to  your  recognition  that  much  of  it  is  there  in 
the  short,  your  now  belief,  I  think,  that  much  more  of  it  is  in  the 
short  half-life  periods  than  in  the  long  half-life  periods,  that  it 
stays  a  much  longer  period  of  time. 

That  would  support  doing  something  now. 

Mr.  NiERENBERG.  That's  right. 

Mr.  Olver.  You  then  say,  "Those  who  take  a  more  conservative 
view  may  argue  that  one  can  now  safely  wait  until  the  climate 
changes  became  clearer  and  more  definitively  negative  simply  be- 
cause the  effect  of  the  mitigating  actions  would  show  in  a  reason- 
able time." 

This  business  of  if  it  is  all  in  the  short  time,  it  supports  both  po- 
sitions, in  a  sense.  Your  original  position  was  that  if  it  was  not  all 
in  the  short  time  and  that  much  of  it  was  in  the  long  time,  we  real- 
ly ought  to  worry  about  this  very  quickly  and  try  to  do  something 
that  would  reduce  what  would  be  causing  our  problems  over  the 
long  haul. 

But  the  very  same  data  supports  the  position  that  because  you 
think  it  is  much  more  concentrated  in  the  short  half-lifetimes  that 
the  effect  of  doing  something  about  it  now  would  be  more  dramatic 
now. 

Yet,  after  what  seems  to  me  supporting  on  both  of  the  on-the- 
other-hands  the  idea  that  there  is  value  in  doing  something  now, 
you  have  then  chosen  to  come  down  on  the  other  side. 

Mr.  NiERENBERG.  Well,  you  see,  as  a  congressman 

Mr.  Olver.  The  real  scientific  argument  lies  somewhere  in  these 
papers  and  the  interpretation  of  these  papers. 

Mr.  NiERENBERG.  As  a  congressman,  you  should  appreciate  some- 
one who  can  take  both  sides  at  the  same  time. 

Mr.  Olver.  Oh,  yes.  [Laughter.] 

Mr.  NiERENBERG.  Now,  look,  what  I  am  saying,  in  fact,  if  I  could 
paraphrase,  the  first  time  I  heard  this  point  made  was  by  Dr. 
Hasselman.  He  said  it  much  better.  What  he  is  saying  is  that,  in 
fact,  it  would  mean  that  in  this  period,  the  next  20,  30,  40  years, 
we  could  tailor  our  emissions,  you  see,  that  is  in  between  both.  We 
could  tailor  our  emissions  so  that  it  could  fit  an  economic  approach 
and  have  beneficial  environmental  consequences  as  well. 

You  don't  do  one  or  the  other.  I  am  not  saying  that.  But,  in  fact, 
we  have  been  talking  about  it  all  day,  that  in  fact,  perhaps  a  30 
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percent  fossil  fuel  emission  economy  is  very  much  in  the  offing, 
even  if  it  costs  a  little  bit — it  doesn't  have  to  be  costless.  But  even 
if  it  costs  a  bit,  it  will  have  a  good  effect. 

In  other  words,  you  are  right,  you  do  understand  me,  and  so  on. 
But  I  want  to  go  back  to  what  I  said  before.  In  1983  that  20  per- 
cent, 30  percent  reduction  would  not  have  represented  a  30  percent 
reduction  in  the  peak.  You  would  have  to  have  a  much  bigger  re- 
duction, one  that  was  unrealizable. 

Mr.  Olver.  My  father  used  to  have  a  sajdng,  which  was,  no  one 
will  know  the  difference  a  hundred  years  from  now.  On  the  one 
hand,  I  would  have  thought  a  hundred  years,  if  you  said  a  thou- 
sand years,  that  would  be  even  more  true.  On  the  other  hand,  on 
the  other  hand,  if  this  one  comes  down  to  whether  there  is  a  lot 
of  that  C02  left  after  a  thousand  years,  my  quick  reading  of  that 
paper  suggests  that  there  is  more.  You  are  talking  about  what  are 
the  coefficients  and  the  decay  times  essentially,  decay  times.  I  don't 
mean  that  in  decay  in  the  sense  of  what  is  usually  decay. 

Mr.  ROHRABACHER.  Mr.  Olver,  seeing  that  you  have  really  cov- 
ered your  points  and  I  notice  that  the  chairman  of  the  full  commit- 
tee is  here  and  I  think  we  should  give  him  a  chance,  the  former 
chairman  of  the  full  committee.  [Laughter.] 

Mr.  Chairman,  Chairman  Brown,  would  you  like  to  have  five 
minutes  or  more? 

Mr.  Brown.  Mr.  Chairman,  I  will  be  glad  to  take  up  a  little  bit 
of  time.  I  have  learned  from  long  experience,  however,  that  one  can 
learn  more  by  listening  than  talking.  Many  of  my  other  colleagues 
will  learn  that  too,  over  time. 

[Laughter.] 

I  have  had  the  pleasure  of  knowing  most  of  the  members  of  this 
panel  for  a  number  of  years,  25  years  or  more  in  some  cases,  and 
it  is  a  pleasure  to  see  you  here  again. 

I  do  not  intend  to,  and  I  apologize  to  you  because  I  have  not  been 
here  consistently,  and  I  should  have  been,  but  unfortunately  other 
things  kept  me  away. 

I  am  going  to  raise  one  question  with  Dr.  Moore,  and  I  will  con- 
fess that  I  did  not  read  the  articles  cited  in  his  testimony,  but  I 
will  as  quickly  as  I  can. 

I  have  become  interested  in  what  the  paleontological  record 
shows  about  life  on  Earth  in  the  past,  and  your  contention  that  hu- 
mans fared  well  under  periods  of  global  warming  is  not  something 
that  I  have  had  any  evidence  on  before. 

Have  you  laid  out  the  case  for  that  in  the  articles  that  you  have 
written? 

Mr.  Moore.  Yes,  I  have.  That  is  exactly  what  those  articles  are 
all  about. 

If  I  could  just  take  this  moment  to  say  I  am  going  to  have  to 
catch  a  plane  back  to  the  West  Coast  to  night  about  5:15  from  Dul- 
les, so  I  need  to  leave  about  quarter  of  4,  something  like  that. 

Mr.  ROHRABACHER.  The  Chair  intends  that  this  hearing  will  be 
done  by  at  least  that  time. 

Mr.  Brown.  I  am  afraid  I  was  listening  to  a  staff  member  when 
you  finished  your  statement. 

Mr.  Moore.  These  articles  and  the  testimony,  which  is  based  on 
the  published  articles,  actually  go  into  the  evidence  that  in  the  past 
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there  were  two  periods  since  the  last  Ice  Age,  which  was  consider- 
ably warmer  or  noticeably  warmer  than  today.  In  both  those  peri- 
ods of  time,  mankind  flourished  from  all  the  kinds  of  evidence  that 
I  could  put  together,  and  during  cold  periods  things  did  not  go  as 
well. 

Mr.  Brown.  Would  you  refresh  my  memory  on  the  dates  of  those 
last  two  Ice  Ages?  You  are  referring  to  the  little  Ice  Age? 

Mr.  Moore.  Well,  the  little  Ice  Age  started  about  1300  in  Eu- 
rope, a  little  bit  earlier  in  the  Orient,  and  there  were  fluctuations 
in  a  period  of  time.  I  think  the  worst  of  that  was  somewhere 
around  the  end  of  the  18th  century,  when  it  was  extremely  cold 
and  the  weather  was  terrible.  With  this  onset  of  this  little  Ice  Age, 
all  the  construction  in  Europe  that  had  been  going  on  under  the 
warm  period  stopped.  Innovation  stopped.  There  was  a  population 
drop  first  because  of  crop  failure  and  then  the  Black  Death,  which 
I  believe  was  exacerbated  by  the  cold  and  dampness  which  drove 
people  and  the  rats  that  carried  the  fleas  indoors. 

So  that  the  mini-Ice  Age  was  very,  very  hurtful. 

Mr.  Brown.  I  have  been  looking  at  human  history  in  a  sort  of 
a  superficial  way  for  some  time,  and  in  the  last  10,000  years  I  have 
seen  a  lot  of  rise  and  fall  in  various  human  civilizations,  and  I  am 
just  wondering  if  we  could  correlate  this  in  any  way  to  the  good  pe- 
riods when  human  population  was  expanding  around  the  globe. 

Was  that  the  warm  periods  and  then  in  the  cold  periods  they 
stayed  quiescent  or  something  like  that? 

Mr.  Moore.  On  page,  I  think  it's  8  of  my  testimony,  you  will  find 
a  chart  which  shows  the  expansion  in  the  population  relative  to  an 
underlying  model  of  what  the  population  was  expected  to  grow,  and 
during  the  warm  periods  it  grew  faster  and  during  the  cool  periods 
it  grew  slower. 

Mr.  Brown.  All  right.  I  thank  you  for  that.  That  will  be  helpful 
to  me,  and  I  will  explore  it  further. 

Dr.  Watson,  I  am  looking  at  some  notes  from  the  staff  here.  It 
says  that  in  the  IPCC  report  there  is  a  great  deal  of  discussion 
dedicated  to  plausible  impacts,  such  as  the  spread  of  disease  and 
the  increase  of  severe  weather  and  hurricanes.  The  question  is  do 
these  plausible  impacts,  in  fact,  have  a  scientific  basis,  or  are  they, 
as  some  have  said,  just  scare  tactics? 

I  have  an  interest  in  how  we  distinguish  between  a  scientific 
basis  or  just  scare  tactics,  and  I  may  go  into  Dr.  Moore's  testimony 
a  little  more  to  see  just  how  strong  the  scientific  basis  is  for  some 
of  the  things  that  you  have  said  also. 

Mr.  Watson.  Yes.  This  document,  half  of  which  is  about  the  im- 
pacts and  adaptation  strategies  for  climate  change,  over  half  are 
mitigation,  probably  has  something  like  5,000  references  in  the 
peer-reviewed  literature.  It  was  put  together  by  many,  many  hun- 
dreds of  scientists. 

As  I  said  in  my  verbal  testimony,  there  is  absolutely  no  doubt 
that  the  human  health  community  believes  there  will  be  adverse 
effects  to  human  health  because  of  increased  spread  of  vector-borne 
diseases  and  indeed  some  non-vector-borne  diseases. 

It  is  actually  not  very  complicated.  You  change  the  life;  you 
warm  the  planet.  You  change  the  climate;  malaria  can  spread. 
Today,  about  40  percent  of  the  world's  population  is  in  a  region 


257 

where  you  have  the  potential  for  malaria.  In  a  worid  three  to  four 
degrees  centigrade  warmer,  you  would  have  the  right  conditions  for 
having  the  potential  mosquito  which  carries  malaria  in  an  area 
which  would  cover  60  percent  of  the  world's  population.  You  simply 
only  have  to  understand  the  dynamics  of  the  mosquito  to  under- 
stand that  you  have  an  increased  vulnerability. 

When  one  looks  effectively  at  the  situation  such  as  droughts  and 
floods,  there  is  actually  evidence  that  the  United  States  has  al- 
ready gotten  an  increase  in  floods  and  droughts.  Tom  Karl  has 
done  an  excellent  documentation  of  that,  totally  consistent  with  the 
theoretical  models,  the  suggestion  of  a  warmer  world,  you  have 
more  floods  and  more  droughts. 

Unfortunately,  the  paper  of  Thomas  Gale  Moore  is  fundamen- 
tally flawed  throughout.  The  first  thing  is  indeed  it  was  warmer  in 
the  holocene  period.  Unfortunately,  it  had  nothing  to  do  with  more 
C02.  It  was  because  of  changes  in  the  orbital  characteristics  of  the 
Earth. 

Hence,  while  it  was  a  warmer  period,  and  unfortunately  only  in 
summer  and  not  all  over  the  globe,  you  don't  necessarily  have  the 
same  precipitation  patterns  which  helped  the  advent  of  agriculture. 

Also,  in  the  sort  of  very  optimistic  view  of  Gale  Moore,  com- 
pletely ignores  the  issues  of  rate  of  change  of  climate  and  the  im- 
pact of  pests  on  agriculture. 

This  particular  document  looks  at  some  of  those  issues.  In  fact, 
we  ourselves  significantly  underestimate  a  quantitative  assessment 
of  the  effects  of  pests  on  agriculture.  So  we  point  out  that  carbon 
dioxide  is  positive  in  some  areas  of  the  world  because  you  have  the 
C02  fertilization,  but  in  the  tropics  and  subtropics  there  would  be 
very  negative  effects.  And  that  is  without  even  taking  into  account 
the  effects  of  pests. 

So  I  would  argue  these  are  not  scare-mongering  tactics,  they  are 
the  views  of  the  world's  scientific  community,  and  they  are  well 
documented. 

Mr.  Brown.  You  are  aware,  Dr.  Watson,  that  there  have  been  pe- 
riods in  history  in  which  the  scientific  community  was  wrong, 
aren't  you? 

Mr.  Watson.  That's  true.  Some  people  thought  the  Earth  was 
flat  at  one  stage.  We  now  realize  it  is  not. 

Mr.  Brown.  Yes.  [Laughter.] 

Mr.  Brown.  Mr.  Chairman,  I  have  taken  up  enough  of  your  time. 

Mr.  ROHRABACHER.  Thank  you. 

Mr.  Nierenberg,  you  had  a  comment  to  make  before  I  begin  my 
questioning? 

Mr.  Nierenberg.  When  I  listen  to  Bob  Watson  here,  I  realize 
that  we  make,  we  the  scientists,  make  the  same  error  over  and 
over  again.  The  one  thing  that  is  missing  in  these — what  is  the 
word  we  are  using,  projections,  I  forget — in  these  projections  is  the 
fact  that  there  is  another  field  of  human  endeavor,  which  is  called 
science  and  invention.  And  in  this  period  of  100  years,  and  we  are 
talking  about  100  years,  we  are  going  to  be  able  to  do  a  lot  of 
things. 

I  just  wanted  to  mention  two.  As  an  example,  one  is  history.  Our 
agricultural  scientists  are  always  ignored.  They  are  not  nuclear 
physicists,  so  we  don't  think  much  of  them.  In  the  last  80  years. 
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and  it  is  still  continuing,  they  have  increased  the  production  of 
corn  at  two  percent  per  year  per  acre. 

I  am  sure  that  this  has  come  up  here  before.  And  I  am  sure  they 
will  do  wonderful  things  like  this  in  the  future. 

Second,  the  question  of  malaria.  Aside  from  anything  else,  ma- 
laria is  a  disease.  We  haven't  had  much  luck  with  it  up  till  now, 
but  I  can't  believe  that  to  now  in  a  hundred  years  from  own  we 
shan't  have  some  cure,  some  vaccination,  some  protection  against 
malaria.  In  fact,  if  we  can't  do  that,  we  are  not  going  to  be  able 
to  do  a  hell  of  a  lot  of  other  things  that  are  equally  important. 

Mr.  ROHRABACHER.  Dr.  Nierenberg,  I  would  just  like  to  take  the 
chairman's  priority  and  sort  of  wind  things  up  and  wrap  things  up. 
I  didn't  have  a  question  session  earlier. 

I  personally.  Dr.  Watson,  after  I  heard  you  in  the  last  panel  on 
ozone,  and,  frankly,  some  of  the  arguments  that  you  made  moved 
me  as  an  individual,  and  I  certainly  felt  after  that  hearing  that  I 
should  be  more  concerned  about  ozone  depletion  than  I  was  prior 
to  going  into  the  hearing.  I  do  not  believe  that  the  people  that  I 
have  heard  today  on  the  issue  of  global  warming  have  even  come 
close  to  that.  I  am  more  skeptical  now  about  global  warming  than 
when  I  walked  into  this  panel. 

With  that  said,  let  me  proceed  to  ask  some  questions,  and  feel 
free  to  come  back  very  strong.  That's  fine.  That  is  what  this  is  all 
about. 

First  of  all,  let  me  say  that  much  of  what  I  have  heard  is  based, 
again,  not  on  basically  scientific  models,  especially  computer  mod- 
els and  scientific  information,  but  instead  on  models  and  an  ex- 
trapolation from  models.  All  you  described,  all  that  was  described 
to  me,  is  extrapolation  by  so-called  experts. 

What  that  leads  to  is  headlines  like  this.  This  is,  what.  Time 
magazine.  Time  magazine.  "Heading  for  Apocalypse." 

I  mean  we  have  a  situation  where  the  Atlanta  Constitution  is 
writing  an  editorial  about  the  inundation  in  Savannah  and 
Charleston  and  New  Orleans.  Basically,  if  we  would  proceed  to  the 
type  of  billions  of  dollars  of  infrastructure  construction  you  would 
see,  sea  walls  or  whatever,  that  would  be  a  big  disservice  to  man- 
kind if  these  extrapolations  are  not  correct. 

And  if  the  inventions  that  Dr.  Nierenberg  was  talking  about 
could,  you  know,  come  into  play,  and  even  if  they  are  correct,  some 
of  them  may  come  into  play  and  knock  these  projections  off. 

First  of  all,  let's  go  right  down  to  this  idea  of  extrapolation. 

Mr.  Ehlers.  Would  the  chairman  yield  just  a  moment? 

Mr.  ROHRABACHER.  Yes,  sir. 

Mr.  Ehlers.  I  am  really  sorry  to  interrupt  you,  but  I  couldn't  re- 
sist. On  an  earlier  comment,  I  suspect  that  headline  was  written 
by  a  journalist  who  wanted  to  get  his  point  right  at  the  beginning. 
[Laughter.] 

Mr.  ROHRABACHER.  You  know,  I  think  that  is  an  excellent  point. 
[Laughter.]  You  have  to  take  it  when  you're  up  here,  too,  you  know, 
as  well  as  give  it.  [Laughter.] 

You  know,  I  did  want  to  tell  a  story.  I  will  tell  this  story.  You 
know  we  want  to  get  you  out  of  here  in  the  next  ten  minutes. 

It  was  interesting,  the  dispute  between  the  economic  expert  and 
the- more  scientific  expert  and  their  approaches.  There  is  a  story 


259 

about  a  fellow  who  went  back  to  his  college  and  he  is  waiting  to 
see  his  economics  professor,  and  he  is  waiting  in  the  outer  office, 
and  he  notices  that  the  exam  time  is  coming  up  and  there  are  the 
examinations. 

He  looks  over  and  he  is  shocked  to  find  out  that  it  is  the  same 
final  exam  that  he  took  when  he  was  there  15  years  before.  His 
professor  comes  out,  and  he  is  a  renowned  economist.  He  says, 
"Professor,  I  couldn't  help  but  notice  your  final  exam  is  exactly  the 
same  one  that  you  gave  me  15  years  ago.  Aren't  you  afraid  that 
some  of  the  students  will  cheat?" 

The  professor  said,  "Why,  no."  He  says,  "We're  not  afraid  of  that 
at  all."  He  says,  "We  don't  change  the  questions,  but  every  now  and 
then  we  change  the  answers."  [Laughter.] 

So  you  have  already  heard  that,  I  know.  I  just  couldn't  hold  back. 

Moving  right  along,  Dr.  Corell,  can  you  clarify  for  me  which  of 
these  impacts  claimed  by  the  Intergovernmental  Panel  on  Climate 
Change  are  projected  by  climate  models  and  which  ones  are  based 
on  assumptions  made  on  climate  models,  which  is  different,  which 
is  a  totally  different  way  of  coming  to  a  conclusion? 

Do,  for  example,  climate  models  project  that  one-third  of  the 
world's  forests  will  be  lost  or  changed? 

Mr.  Corell.  Mr.  Chairman,  with  all  due  respect,  I  would  like  to 
pass  this  to  Dr.  Watson,  since  he  chaired  the  group  that  did  that 
and  I  was  not  personally  involved. 

Mr.  ROHRABACHER.  All  right. 

Dr.  Watson? 

Mr.  Watson.  That  particular  conclusion  comes  from  a  complex 
forest  ecological  model,  where  it  takes  plausible  changes  in  tem- 
perature, precipitation,  evapotranspiration,  and  soil  moisture,  and 
it  looks  to  see  to  what  degree  ecological  systems,  how  its  species 
move,  how  its  ecosystems  disassemble  and  reassemble.  So  it  is  a 
model.  It  is  based  first  on  the  climate  model,  but  then  also  a  forest 
ecological  model. 

Mr.  ROHRABACHER.  And  is  this  true  also  of  the  projection  that 
rangelands  will  be  lost? 

Mr.  Watson.  Yes.  Based  on  ecological  modeling. 

Mr.  ROHRABACHER.  And  that  desertification  will  increase? 

Mr.  Watson.  You  don't  even  need  a  model  to  come  to  that  con- 
clusion. The  answer  is  quite  clearly  "yes." 

Mr.  ROHRABACHER.  Okay.  Do  models  project  that  one-third  to 
one-half  of  existing  mountain  glaciers  will  disappear? 

Mr.  Watson.  That  comes  from  simply  understanding  the  rela- 
tionship between  mountain  glaciers  and  thermal  structure  of  the 
glaciers. 

Mr.  ROHRABACHER.  So  I  take  that  as  a  "no." 

Mr.  Watson.  No,  it  is  a  glacial  model.  Now,  with  each  of  these, 
it  starts  with  changes  in  temperature,  and  for  that  you  would  have 
to  understand  the  glacial  model. 

Mr.  ROHRABACHER.  I  am  just  getting  you  on  record. 

Mr.  Watson.  Yes.  Absolutely. 

Mr.  ROHRABACHER.  As  someone  who  knew  about  this  report. 

The  models  that  project  crop  yields  will  decrease? 

Mr.  Watson.  Complex  agricultural  models. 
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Mr.  ROHRABACHER.  Okay.  Do  they  project  that  diseases  such  as 
malaria  are  the  ones  you  were  talking  about,  this  came  from  sci- 
entific models  and  not  extrapolation? 

Mr.  Watson.  Absolutely. 

Mr.  ROHRABACHER.  All  right.  We  got  that. 

For  some  reason,  I  am  getting  a  different  concept  from  what  I 
heard  from  the  earlier  panel  here.  I  was  left  with  the  impression 
that  these  things  could  not  be  stated  absolutely  for  certain  that 
this  would  be  the  outcome.  And  of  course  Dr.  Nierenberg  is  sug- 
gesting to  us  that  when  we  are  making  these  type  of  apocalyptic 
predictions,  that  may  not  be  the  best  approach  and  the  most  defen- 
sible approach  to  looking  to  the  future.  Am  I  wrong?  I  mean  maybe 
I  will  go  back  and  review  our  notes  in  terms  of  what  the  earlier 
panel  said. 

Let  me  ask  Dr.  Watson,  you  suggested,  am  I  wrong,  that  there 
was  a  one-half  degree,  centigrade  degree,  temperature  rise  in  this 
century?  Is  that  what  we  found?  Is  that  what  you  testified? 

Mr.  Watson.  That  is  what  the  IPCC  has.  0.3  to  0.6  degrees  cen- 
tigrade has  been  a  consistent  view  of  the  IPCC. 

Mr.  ROHRABACHER.  Now,  I  will  have  to  say  that  I  found,  and  I 
know  that  my  good  friend  and  colleague  Mr.  Olver  doesn't  agree 
with  me  on  this,  we  had  a  little  discussion  on  the  way,  or  he  might, 
but  we  will  see,  but  the  fact  is  that  I  found  Patrick  Michael's,  Dr. 
Michael's  chart  to  be  absolutely  understandable  and  devastating  to 
your  argument. 

Mr.  Watson.  That  was  actually  the  vertical  distribution  of  tem- 
perature only  over  the  last  30  years. 

What  we  have  is  hundreds  of  thousands,  if  not  millions,  of  data 
points  on  the  surface  of  the  Earth,  both  land  and  the  ocean,  since 
1860.  And  it  is  that  database  that  suggests,  strongly  suggests,  and 
I  would  imagine  that  Bill  Nierenberg  would  agree,  that  there  is  di- 
rect evidence,  I  am  not  saying  cause  and  effect,  direct  evidence  that 
the  Earth's  surface  has  warmed  .3  to  .6  degrees  centigrade. 

Mr.  ROHRABACHER.  Yes.  I  would  say  that  that  minor  of  a  change 
in  variation,  and  again  I  am  going  to  just  frank  with  you,  I  find 
impossible  to  understand  that  scientists  are  sitting  here  telling  me 
that  that  is  a  significant  as  you  suggest. 

Mr.  Nierenberg.  I  will  imitate  a  congressman  again.  I  agree 
with  you,  of  course. 

Mr.  Watson.  Yes. 

Mr.  Nierenberg.  It  is  a  tremendous.  It  is  the  only  good  data  we 
have,  and  it  is  often  the  case  we  have  to  use  it.  In  fact,  I  am  sur- 
prised you  even  say  .3.  I  always  say  .6  degrees. 

Taking  your  point  of  view,  that  is  on  the  other  hand,  you  realize 
that  you  heard  this  morning  also  something  that  you  would  agree 
with,  namely  that  very  few  of  the  scientific  community,  you  see, 
really  accept  this  as  necessarily  completely  global  warming.  Bob 
will  tell  you  this. 

It  is  just  like  what  I  was  saying  before,  they  vary  in  between. 
Some  of  it  may  be,  some  of  it  likely  is,  and  some  of  it  likely  isn't, 
because  unfortunately  it  is  in  the  range  of  natural  fluctuations. 

Mr.  ROHRABACHER.  Well,  now.  Dr.  Nierenberg,  that  is  exactly  my 
point. 

Mr.  Nierenberg.  I  know. 
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Mr.  ROHRABACHER.  Especially  in  relationship  to  Mr.  Moore's  tes- 
timony about  an  historical  perspective  on  changes  in  climate  that 
has  taken  place  even  within  our  mankind's  limited  time  on  this 
Earth.  I  mean  I  took  one  class  in  geology,  and  I  know  that  there 
were  times  when  the  glaciers  came  down  and  they  came  back  up. 

In  this  period  of  time,  having  a  situation  that  we  might  be  in  a 
time  when  the  glaciers  are  receding  does  not  seem  to  justify  spend- 
ing billions  of  dollars  building  sea  walls  rather  than  bridges,  talk- 
ing about  the  apocalypse  that  is  coming  up  in  order  to  get  people 
to  spend  money  on  other  things  that  perhaps  are  higher  priority  for 
this  society. 

Mr.  Olver.  Would  the  chairman  jdeld? 

Mr.  ROHRABACHER.  First  I  would  like  Dr.  Watson  to  be  able  to 
answer  my  outburst  here,  and  then  I  would  be  very  happy  to  jdeld. 

Mr.  Watson.  One  needs  to  also  look  at  rates  of  temperature 
change,  and  if  you  look  at  the  paleo  record,  it  shows  the  types  of 
projections  we  are  making,  one  to  3.5  degrees  centigrade  over  the 
next  hundred  years,  is  a  rate  that  is  unprecedented  in  the  last 
10,000  years.  That  is  a  rate  that  these  complex  forestry  systems 
can't  keep  pace  with. 

The  other  point  we  make,  and  I  agree  with  Bill,  in  fact,  where 
there  is  no  vision  the  people  will  perish.  The  vision  we  need  is  in- 
deed there  are  cheap  ways  to  adapt,  there  are  cheap  ways  to  use 
energy  efficiency,  and  there  are  cheap  ways  to  change  our  energy 
policies. 

Mr.  ROHRABACHER.  Dr.  Watson,  I  would  agree  with  that,  but 
what  happens  when  we  get  these  type  of  what  I  consider  to  be  un- 
justified scare  scenarios  is  that  we  start  ignoring  the  economics 
that  Dr.  Moore  is  talking  about. 

For  example,  I  believe  that  cars  will  be  made  cleaner-burning 
automobiles  and  that  we  will  actually  have  more  efficient  machin- 
ery because  it  economically  makes  sense  for  that  to  happen.  As  we 
have  more  knowledge  in  this  world  and  people  have  more  knowl- 
edge, the  innovation  will  take  its  course  and  we  will  see  these 
changes  take  place. 

But  instead,  if  we  end  up  building  billion-dollar  sea  walls  instead 
of  investing  money  in  fuel  technology  for  automobile  dealers  who 
want  to  sell  cars  because  they  want  to  sell  to  the  public  on  the  eco- 
nomic basis,  well,  maybe  we  won't  have  the  money  to  invest  in  that 
new  technology. 

Mr.  Watson.  But  we  need  to  stimulate  that  new  technology.  If 
there  is  not  a  recognition  that  global  warming  is  at  least  an  issue 
that  must  be  taken  seriously,  the  marketplace  probably  won't  be 
stimulated  in  the  correct  way  to  look  at  these  energy  efficiencies, 
whether  it's  cars,  whether  it's  buildings,  whatever. 

Mr.  ROHRABACHER.  I  believe  that  what  you  just  said  is  the  mo- 
tive of  most  people  that  I  have  met  in  what  I  consider  to  be  the 
environmental  movement  that  are  hyperactivists  in  that  movement 
feel  totally  justified.  And  the  reason  why  you  find  skepticism  from 
this  chairman  is  that  I  have  met  so  many  people  who  feel  abso- 
lutely justified  in  not  lying,  they  don't  look  at  it  as  lying,  but  as 
at  stating  a  problem  and  then  exaggerating  it  to  the  point  because 
we  have  got  to  get  public  attention  on  this  because  that  is  their  pri- 
ority. 
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I  have  seen  this  ever  since  I  was  a  reporter,  and  that  was  25 
years  ago. 

Mr.  Watson.  But  you  don't  see  it  in  the  international  assess- 
ments. The  international  assessments  don't  use  the  word  apoca- 
lypse. You  don't  see  it  in  the  testimony  of  any  of  the  people  in  front 
of  you  here. 

Mr.  ROHRABACHER.  To  be  fair,  after  hearing  some  of  your  either 
predictions  or  projections,  I  would  have  probably  used  this  head- 
line, even  though  you  didn't  use  the  word  apocalypse. 

But  I  would  be  very  happy  to  yield,  and  then  I  would  like  to 
thank  Dr.  Moore,  and  we  will  be  ending  this  in  a  few  minutes. 

But  thank  you  very  much,  Dr.  Moore. 

Mr.  Moore.  I  would  like  to  have  a  chance  to  answer  some  of 
these. 

Mr.  ROHRABACHER.  Okay. 

Mr.  Moore.  But  my  plane  won't  wait. 

Mr.  ROHRABACHER.  Yes,  sir.  And  I  will  certainly  give  my  col- 
league, I  don't  want  him  necessarily  to  have  the  last  word. 

If  you  would  like  to  say  a  few  words  and  then  we  will  close  it 
out. 

Mr.  Olver.  Thank  you  very  much,  Mr.  Chairman. 

Listening  to  your  comments,  Mr.  Chairman,  I  was  beginning  to 
wonder  whether  there  was  any  implication  that  the  Corps  of  Engi- 
neers was  involved  in  the  promotion  of  this  exaggerated,  in  your 
view,  view  of  the  apocal5TDtic  view  of  global  warming. 

I  didn't  know  we  were.  I  think  it  is  rather  a  red  herring  to  be 
talking  about  building  sea  walls.  It  would  be  exceedingly  expensive 
and  probably  quite  useless  if  we  are  talking  about  what  would  hap- 
pen if  Antarctic  and  Greenland  ice  sheets  were  to  melt. 

I  mean  the  implications  of  that,  with  what  would  ultimately  be 
the  rise  of  land  in  the  surfaces  underneath  and  so  forth  and  what 
that  would  do  to  territory  all  over,  I  don't  know  whether  that  has 
been  modeled  sufficiently  carefully  to  really  even  predict  what 
would  be  likely  to  be  going  on. 

I  am  interested  that  Dr.  Nierenberg  and  Dr.  Watson  essentially, 
I  think,  corroborate  each  other's  view  that  the  best  data  are  these 
surface  data,  the  surface  data  which  we  have  for  at  least  100  years, 
130  years,  the  beginning  of  good  data  over  a  period  of  time,  surface 
and  water  data  over  a  period  of  time.  And  even  then  I  doubt  if  they 
would  argue  that  these  are  evenly  taken  all  over  the  world.  It  is 
very  spottily  taken  in  different  places  around  the  world,  the  best 
we  have  available  if  we  could  go  back  and  figure  out.  First  we 
would  have  to  agree  what  all  of  the  parameters  are  that  ought  to 
be  taken  into  account  in  a  model  and  then  the  record  is  probably 
there,  although  we  may  never  have  a  reliable  set  of  that  record 
along  the  way. 

Mr.  ROHRABACHER.  If  I  could  just  interrupt. 

Mr.  Olver.  Yes. 

Mr.  ROHRABACHER.  Let  me  give  you  an  example.  In  the  1970s  all 
the  data,  and  I  mentioned  the  Global  2000  report  earlier,  all  the 
data  showed  that  we  were  going  to  run  out  of  energy,  and  all  the 
scientists,  I  am  sure,  that  were  testifying  right  before  all  these 
committees  came  here  and  swore  up  and  down  that  within  a  few 
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years  it  was  going  to  be  a  total  catastrophe  in  terms  of  the  price 
of  oil  and  et  cetera,  et  cetera. 

Well,  what  happened?  Some  of  the  things  we  did  were  very  good. 
That's  correct.  You  know,  I  think  most  of  the  good  things  happened 
because  of  market  pressure,  because  of  the  increase  of  the  price, 
but  we  did  other  things. 

Right  now,  I  happen  to  be  sucking  on  a  cough  drop.  I  don't  have 
a  cold.  Do  you  know  what  I  have  got?  I  have  got  some  sort  of  prob- 
lem with  the  air  conditioning  in  here  and  I  have  a  lot  of  problems 
with  buildings  that  I  visit  because  all  of  these  building  codes  that 
we  established  during  that  time  because  of  this  oncoming  energy 
crisis  said  you  had  to  seal  the  windows  to  consume  energy  and  we 
got  no  fresh  air  in  those  buildings,  and  my  body  reacts  to  that. 
That  is  all  I  am  tr3ring  to  say. 

Mr.  Baker.  I  think  you've  got  a  lawsuit.  [Laughter.] 

Mr.  ROHRABACHER.  All  I  am  trying  to  say  is  that  when  we  are 
talking  about  issues  like  this,  we  cannot,  number  one,  afford  to  ex- 
aggerate, we  cannot  afford  to  let  people  extrapolate  from  scientific 
models  and  then  base  our  policy  on  that. 

Mr.  Olver.  Well,  but  at  the  same  time,  and  this  will  be  one  last 
very  short  thing. 

On  the  data  from  Mr.  Michael  this  morning,  I  am  certainly 
happy  to  hear  that  you  now  understand  that  problem  quite  com- 
pletely. I  certainly  do  not.  I  am  quite  puzzled  by  it.  I  suspect  it  was 
a  look  at  one  parameter  of  a  very  limited  set  of  data  that  we  have 
considerably  less  than  the  surface  data  from  weather  balloons. 

Now,  I  don't  know  where  they  were.  I  don't  have  any  idea  wheth- 
er these  data  are  normalized  properly  and  whether  it's  one  param- 
eter out  of  a  whole  bunch  of  parameters. 

Mr.  ROHRABACHER.  That's  true  of  Dr.  Watson's  view. 

Mr.  Olver.  Well,  yes,  in  all  of  these  cases.  But  none  of  us  here, 
at  least.  The  professionals  behind  the  table  at  the  other  end  prob- 
ably have  looked  at  many  different  aspects  of  those  data.  We  are 
only  being  given  the  pieces  that  each  side  wants  to  tell  us,  in  a 
sense,  probably  from  both  sides.  But  the  weight  of  the  numbers  is 
certainly  in  one  direction  in  this  process. 

Mr.  Baker.  Mr.  Chairman,  if  I  could  ask  a  question  through  you. 

Mr.  ROHRABACHER.  I  think  we  will  do  that,  and  then  we  better 
close  because  this  could  go  on  and  on. 

Mr.  Baker.  Mr.  Chairman,  the  reason  I  am  a  little  concerned 
about  the  apocalypse  now  and  causing  the  huge  crisis  in  order  to 
make  small  steps  in  the  right  direction  is  we  are  often  blinded  by 
that.  We  all  like  pristine  forests.  I  will  give  you  a  very  pertinent 
example  to  California  and  then,  hopefully,  the  scientists  can  get 
back  to  the  committee  and  tell  us  where  I  am  wrong  or  what  we 
ought  to  do. 

We  like  pristine  forests. 

So  we  made  the  ruling  that  we  are  not  going  to  take  beetle-rid- 
den, drought-weakened,  dead  trees  out  of  the  Sierras.  So  they  are 
going  to  stand  there  until  they  rot.  Right  now  they  are  worth  a 
thousand  dollars  apiece  as  2x4s,  but  if  they  wait  five  years  or  ten 
years  they  will  rot  and  they'll  go  into  the  ground. 
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This  is  normally  a  good  thing  except  when  a  third  of  your  forest 
has  died.  They  are  waiting  to  become  fuel  so  a  forest  fire  will  start 
so  we  can  put  more  carbon  in  the  air. 

The  environmentalists  in  this  administration  have  decreed  that 
it  is  more  important  to  have  pristine  forests  than  to  selectively 
manage  your  forests,  and  they  have  refused  to  allow  California  to 
cut  or  use  these  trees  when  they  are  valuable. 

So  I  think  one  environmental  assumption,  pristine  forest,  is 
overclouding  another,  and  that  is  these  trees  are  surely  going  to 
burn  and  do  more  environmental  damage  down  the  road.  So  I 
would  love  to  have  the  scientists  running  the  train  rather  than  the 
Bruce  Babbitts  and  the  politicians. 

Mr.  ROHRABACHER.  I  am  going  to  ask  one  last  question  and  then 
we  will  call  it  off  because  it  is  actually  based  on  what  you  said. 

Dr.  Watson,  I  read  a  column  by  Warren  Brooks,  who  is  now 
dead,  that  he  analyzed  that  older  trees,  and  especially  trees  that 
are  in  the  condition  Mr.  Baker  just  described,  but  older  trees  in 
general,  actually  are  producing  more  of  the  type  of  pollutants  and 
discharge  that  add  to  global  warming  than  young  trees  and  thus 
those  people  who  would  be  really  concerned  about  global  warming, 
instead  of  protecting  the  old  forests,  would  want  to  actually  cut 
them  down  and  plant  new  trees. 

Now,  I  am  just  asking.  I  don't  know,  I  am  not  suggesting  that 
that  is  true,  but  you  seem  to  be  an  expert  in  this  area.  Maybe  you 
could  just  let  me  know  if  that  is  true. 

Mr.  Watson.  I  am  not  an  expert  in  this  area,  but  I  will  try  and 
find  an  answer  for  you  and  get  it  to  you  on  the  written  record. 

Mr.  ROHRABACHER.  Okay. 

Mr.  Watson.  It  is  clear  that  an  old  tree  is  not  continuing  to  se- 
quester C02.  It  basically  gets  to  maturity.  But  what  one  has  to 
consider,  though,  in  a  complex  situation  like  the  California  situa- 
tion, isn't  just  taking  out  the  dead  and  dying  trees,  we  have  to 
drive  roads  through  it,  et  cetera.  So  you  have  to  look  at  the  whole 
system  to  see  what  the  overall  balance,  obviously,  on  both  the  eco- 
nomic and  the  ecological  systems  are. 

So  I  think  we  have  to  be  careful. 

What  one  has  brought  up,  though,  what  you  have  really  sug- 
gested or  inferred  in  some  sense,  is  one  of  the  clever  ways,  if  we 
can  make  it  economically  viable  by  good  technologies,  is  actually 
biomass  that  is  specifically  grown,  so  that  it  would  burn  as  fuels, 
is  a  very  good  way  to  go.  You  replace  the  coal  or  oil  or  natural  gas. 
So  using  biomass  plantations,  growing  trees  purposefully  burning 
them  with  all  the  right  environmental  safeguards,  is  a  very,  very 
good  renewable  technology. 

So  these  are  all  the  t3rpes  of  things  that  we  need  to  look  at.  That 
particular  technology  could  have  incredible  help  in  rural  develop- 
ment both  in  the  United  States  and  other  parts  of  the  world.  So 
all  of  these  issues  have  to  be  looked  at  very,  very  carefully. 

Mr.  ROHRABACHER.  Thank  you  very  much.  Dr.  Watson. 

I  would  like  to  thank  the  members  of  the  subcommittee,  and  I 
think  we  had  a  very  interesting  discussion  today.  This  committee 
is  adjourned. 

[Whereupon,  at  3:55  p.m.,  the  Subcommittee  was  adjourned.] 

[The  following  material  was  received  for  the  record:] 
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Appendix  I— Opening  Statements  for  the  Record 


Rep.  George  E.  Brown,  Jr. 
Subconmlttee  on  Energy  euid  Environment 

Climate  Models  and  Projections  o£ 
Potential  Iii9>acts  of  Global  Climate  Change 

November  16,  1995 


I  believe  this  hearing  will  serve  to  point  out  the  error  in 
judgement  made  by  this  Committee  in  passing  authorization  bills 
earlier  this  year  containing  disproportionate,  damaging  cuts  to 
global  change  research  programs.  Cuts  to  these  programs  will 
perpetuate  limitations  in  our  understanding  of  the  earth's  climate 
system.  In  the  absence  of  real  information  people  will  be 
encouraged  to  substitute  hand-waving  and  conjecture  for  substantive 
scientific  inquiry  into  the  phenomena  that  shape  earth's  climate. 
Cutting  these  programs  will  not  stop  carbon  dioxide  from  increasing 
in  the  atmosphere  or  terminate  interest  in  speculating  on  its 
affects . 

It  appears  to  me  the  budgets  for  climate  research  and  climate 
change  impact  research  have  been  systematically  targeted  for  deep 
cuts  by  this  Committee.  The  budgets  for  global  climate  change 
research  at  EPA,  NASA,  NOAA,  and  DOE  have  been  cut  by  over  one 
quarter  from  the  FY  95  funding  levels.  Budgets  for  research  and 
development  of  technologies  that  would  assist  our  nation  in 
conserving  energy  and  expanding  our  energy  options  have  been  cut  by 
almost  half  from  their  FY  95  levels.  This  is  short-sighted  and 
foolish. 

I  believe  we  are  all  reluctant  to  advocate  for  radical  changes 
that  would  alter  our  economy  and  our  way  of  life  without  reliable 
information  that  such  changes  are  indeed  necessary.  However, 
hesitation  to  embark  on  a  difficult  policy  path  is  not  a  rational 
explanation  for  scaling  back  the  global  climate  change  research 
programs  on  the  scale  recommended  by  this  Committee.  I  cannot 
understand  anyone  embracing  ignorance  in  the  face  of  a  potential 
problem  of  this  magnitude.  I  cannot  understand  why  we  should  not 
pursue  research  which  will  provide  explanations  about  how  this 
planet  functions.  If  climate  change  is  real,  then  we  will  need  to 
understand  how  it  will  affect  us  and  what  our  options  will  be  for 
adapting  to  any  negative  consequences  or  exploiting  positive  ones. 
If  climate  change  is  NOT  real,  then  the  research  being  done  by 
these  agencies  will  confirm  that  for  us.  Although  there  are 
scientists  who  question  the  severity  of  climate  change  impacts  and 
the  reliability  of  global  climate  BtdSiels,  it  does  not  appear  that 
any  are  advocating  an  end  to  the  research  program. 


266 


If  climate  is  going  to  change  in  a  way  that  will  alter  the 
future  habitability  of  parts  of  this  country  or  affect  our  food 
supply,  we  would  be  better  off  to  find  out  sooner  rather  than 
later.  If  there  are  cost-effective  steps  that  we  can  take  now 
which  provide  benefits  to  our  society  in  terms  of  energy 
efficiency,  pollution  reduction,  and  job  creation  then  we  should 
take  them. 

I  am  confident  that  the  witnesses  here  today  will  all  agree  on 
the  need  for  a  better  understanding  of  our  climate  system  even  if 
they  disagree  on  the  precise  nature  of  climate  change,  the 
magnitude  of  its  impacts,  or  on  recommendation  of  policy  options 
that  we  should  pursue. 
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TRANSPORTATION  AND  INFRASTRUCTURE 
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November  16,  199  5 


Opening  Statement  of  Congressman  Jimmy  Hayes  (D-LA) , 

Ranking  Democrat  on  the  Subcommittee  on  Energy  and  Environment, 

regarding  the  Climate  Models  and  Sea  Level  Rise  hearing 

I  want  to,  first  of  all,  thank  the  Chairman  for  putting 
together  this  hearing  on  sea  level  rise  which  -  -  I  am  sure  my 
colleagues  can  imagine  --  is  of  great  importance  to  Louisiana. 

Because  our  lives  and  livelihoods  in  Louisiana  are 
inextricably  tied  to  the  Gulf  of  Mexico,  the  Mississippi  River, 
our  lakes,  and  our  bayous,  public  policy  choices  must  be  clearly 
delineated  and  carefully  thought  out  concerning  what  to  do  about 
the  problem  of  sea  level  rise  and  its  associated  causes.   The 
combined  effects  of  rapid  subsidence,  saltwater  intrusion,  and 
global  climate  change,  among  other  factors,  could  lead  to  the 
deterioration  of  our  swamps  and  marshes  and  all  that  they  mean  to 
the  culture  and  economy  of  our  area.   The  most  accurate, 
objective  information  is,  therefore,  critical  for  our  State  to 
better  prepare  and  plan  for  the  implications  of  a  receding 
coastline. 

Louisiana  has  multiple  and  competing  interests  in  this 
matter.   Major  population  centers,  such  as  New  Orleans,  not  to 
mention  my  entire  District,  rely  heavily  on  our  coastal 
resources : 

1)  Our  wetlands  provide  flood  control  and  wildlife 
habitat;  2)  Our  fisheries  provide  over  40%  of  the 
seafood  production  for  the  entire  continental  United 
States;   3)  Our  marshes  provide  recreational 
opportunities,  like  hunting,  fishing,  and  boating;  4) 
Our  communities  are  developing  along  the  coastline  to 
provide  for  future  economic  growth  and  productivity; 
and  5)  Our  oil  and  gas  industry  is  at  the  center  of 
Louisiana's  economic  possibilities. 

Because  we  do  not  yet  fully  understand  all  the  variables 
resulting  in  sea  level  rise  or  how  to  prioritize  our  activities 
because  of  it,  I  believe  that  further  analysis  is  necessary.   We 
must  explore  all  potential  elements  of  sea  level  rise  -  - 
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including  global  climate  change  --  so  each  factor  can  be 
appropriately  weighed  and  properly  mitigated.   Sound  science 
should  drive  the  policy,  not  predetermined  political  solutions. 

I,  accordingly,  look  forward  to  the  testimony  today  and  am 
hopeful  that,  through  honest  and  open  dialogue,  we  can  foster 
more  cooperation  and  coordination  amongst  the  federal  agencies 
and  the  research  community  investigating  global  climate  change  to 
ensure  the  unprejudiced,  credible  models  we  need  at  a  price  we 
can  afford. 
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OPENING  STATEMENT 

BY 

TIM  ROEMER 


Mr.  Chairman,  I  want  to  commend  you  on  holding  this  hearing 
today  on  global  warming.  This  hearing  will  provide  an  important 
forum  in  which  Members  of  the  Committee  can  examine  for 
themselves  the  arguments  surrounding  this  important  issue. 

Mr.  Chairman,  your  personal  views  on  this  matter  are  well 
known  and  they  have  no  doubt  played  a  role  in  the  budgetary  actions 
that  the  Committee  and  the  House  has  taken  over  the  past  nine 
months.   However,  I  would  point  out  that  this  is  the  first  hearing  that 
has  been  held  on  global  change  this  Congress.   I  would  like  to 
provide  for  the  record  a  summary  of  hostile  budgetary  and  policy 
actions  the  Committee  has  already  taken  this  year.   I  would  hope  that 
the  Members  would  have  an  opportunity  to  reconsider  these  as  our 
bills  reach  the  Conference  stage. 

Clearly,  the  environment  has  been  a  bipartisan  issue  over  the 
past  several  decades.  AU  of  the  landmark  environmental  statutes  such 
as  the  Clean  Air  Act,  the  Clean  Water  Act,  NEPA,  RCRA,  Safe 
Drinking  Water  Act,  Endangered  Species  Act,  Superfund 
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Reauthorization  to  name  a  few  were  signed  into  law  by  Republican 
presidents  and  passed  with  bipartisan  support  in  Congress.  This 
continues  to  be  an  area  Federal  activity  that  the  public  strongly 
supports.   It  is  ironic  that  systematic  dismantling  of  environmental 
research  and  environmental  statutes  has  now  been  held  up  by  the 
Republican  leadership  as  a  litmus  test  for  ideological  purity.   I  hope 
in  the  end  good  sense  will  prevail. 

The  Global  Change  research  program  was  in  fact  established  by 
the  Bush  Administration.   The  budget  approved  for  Global  Change  in 
1990  envisioned  an  ongoing  budget  of  about  $2  billion  for  all  of  the 
agencies  involved.   The  budget  adopted  by  the  Clinton  administration 
is  in  fact  slightiy  below  this.   Why  was  this  program  so  strongly 
supported  by  two  administrations?  The  answer  is  simple-economics . 
The  consequences  of  global  warming  may  be  several  percent  of  the 
world's  GDP!   The  cost  of  avoiding  global  warming  may  also  be 
several  percent  of  the  world's  GDP!   Given  the  enormous  costs  and 
benefits,  it  makes  eminent  sense  to  do  the  necessary  research  to  find 
out  as  much  as  we  can  about  global  warming—how  much,  how  soon 
and  even  if  it  will  occur. 

I  would  also  like  to  include  for  the  record  a  recent  statement  by 
Frank  Nutter,  President  of  the  Reinsurance  Association  of  America 
about  global  change  research.  There  is  no  question  that  research  on 
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global  change—even  if  we  do  nothing  to  curtail  carbon  emissions—will 
provide  a  pathway  to  help  us  make  the  transition  in  an  economically 
efficient  manner.   Some  of  these  adjustments  may  be  substantial. 

The  policy  we  have  followed  of  targeting  environmental 
research,  belitding  the  possibility  of  any  impacts,  and  so  on  will  not 
make  the  problem  go  away,  it  will  only  put  us  on  a  slower  track  to 
understanding  the  problem.   Meanwhile,  the  Europeans  are  making 
major  investments  in  energy  conservation  and  alternative  energy 
sources,  the  Japanese  are  making  major  investments  in  environmental 
technologies,  and  the  rest  of  the  world  is  positioning  itself  for  the 
future.  We  will  not  only  lose  the  intellectual  lead,  we  will  lose 
markets  that  may  never  be  regained. 

Mr.  Chairman,  once  again,  I  commend  you  for  having  this 
hearing  although  I  personally  wish  we  could  have  had  this  hearing 
nine  months  ago  before  we  committed  ourselves  to  a  course  of  action 
on  this  Committee.   I  look  forward  to  the  testimony  today. 
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SCIENCE  COMMITTEE  REDUCTIONS  TO  GLOBAL  CHANGE 
AND  RELATED  PROGRAMS 
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US  Global  Change  Program  Cuts 


NASA 


The  cut  to  the  Mission  to  Planet  Earth  Budget  eliminates  all 
funding  for  the  Chem-1  platform  for  FY96.  Some  funding  for 
PM-1  platform  is  retained,  but  it  is  to  be  delayed.  The  Topex- 
Poseidon  follow-on  Mission  is  terminated.  (Dr.  Nierenberg 
identifies  Topex  satellites  in  his  testimony  as  having  provided 
crucial  data  for  reducing  uncertainty  in  sea  level  rise 
estimates.) 

The  PM  and  Chem  satellites  would  provide  information  on 
atmospheric  chemistry  including  aerosols.  The  Topex  satellite 
provides  data  on  ocean  circulation  and  sea  level 
measurements. 


NOAA 


The  Committee  eliminated  the  Global  Climate  Change  research 
account  and  merged  it  with  the  Interannual  and  Seasonal 
Climate  research  account.  This  was  done  despite  the 
Committee's  recognition  that  "OAR  research  on  important 
climatic  processes,  such  as  El  Nino,  has  benefitted  from 
research  done  under  the  broad  heading  of  climate  and  global 
change."  (p. 32  of  the  Committee  Rpt.  on  H.R.  1815)  NOAA 
is  directed  to  focus  their  research  only  on  understanding  near- 
and  mid-term  climatic  events. 

The  Committee  also  decreased  the  funding  for  High 
Performance  Computing  by  $5.5  M  as  compared  to  the  FY  95 
level  (an  85%  decrease).  This  cut  will  cause  NOAA  to  default 
on  its  contract  to  procure  a  Supercomputer  to  improve  global 
change  modelling  and  other  modelling  needs  of  the  Agency. 


DOE  -  Global  Change  Research 
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DOE  programs  are  focussed  on  understanding  the  global 
carbon  budget  and  evaluating  potential  impacts  to  ecological 
systems  from  climate  change.  The  Biological  and 
Environmental  research  account  was  decreased  by  29%  from 
the  FY  95  funding  levels. 

The  Committee  made  cuts  in  the  Environmental  Research 
program  of  17%  as  compared  to  the  FY  95  funding  levels. 
This  included  a  cut  to  the  Ocean  Margins  Program  of  $7.2  M. 
Research  in  this  program  is  directed  toward  understanding  the 
uptake  of  carbon  dioxide  in  particular  regions  of  the  ocean 
where  the  rates  are  thought  to  be  greater  than  in  the  open 
ocean.  This  is  a  natural  mechanism  for  removing  carbon 
dioxide  from  the  atmosphere.  The  Committee  also  cut  $5.3  M 
from  the  Ecosystem  Functioning  and  Response  program  which 
is  directed  toward  determining  the  adaptability  of  plants  and 
ecosystems  to  increasing  carbon  dioxide  levels  and  climate 
changes. 

Specific  program  cuts  in  the  Carbon  Dioxide  Research 
program  decreased  funding  in  this  area  by  35%  as  compared 
to  the  FY  95  funding  levels.  The  program  cuts  include:  1)  a 
reduction  of  $10.8  M  in  the  Computer  Hardware,  Advanced 
Mathematics  and  Model  Physics  (CHAMMP)  program.  This 
program  is  intended  to  adapt  existing  climate  models  for 
transfer  to  a  new  generation  of  massively  parallel  computers. 
This  will  increase  the  computational  capability  of  climate 
models  and  enable  more  simulations  to  be  run.  This  program 
was  also  endorsed  by  Dr.  Nierenberg  in  his  testimony.  2)  a 
$4.7  M  reduction  for  global  change  capital  equipment.  3)  a 
$4.47  cut  for  the  World  Ocean  Circulation  Experiment  which 
is  a  cooperative  international  project  to  measure  carbon 
dioxide  uptake  in  the  ocean.  The  U.S.  contributes  a  portion  of 
the  total  funding  through  this  program.  3)  a  $3.3  M  cut  to  the 
Global  Change  Integrated  Assessment  program  which  is 
intended  to  provide  an  analysis  of  the  impacts  of  global 
change  on  our  economy.  4)  a  $1.5  M  cut  to  the  Free-Air 
Carbon  dioxide  Enrichment  program  which  is  a  cooperative 
project  between  USDA  and  DOE  to  determine  whether  forests 
will    increase    productivity    in    a    carbon    dioxide-enriched 
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atmosphere. 

DOE  -  Alternative  Energy  and  Energy  Efficiency  Research  Programs 

Cuts  of  40%  and  55%  were  made  to  programs  for  solar  and 
renewable  energy  technologies  and  to  the  energy  conservation 
research  and  development  accounts.  While  these  areas  do  not 
contribute  to  diminishing  the  uncertainty  in  global  climate 
change  estimates,  they  provide  technologies  that  can  assist  us 
in  decreasing  greenhouse  gas  emissions.  Other  nations  are 
investing  heavily  in  these  areas  of  R&D.  They  see  large 
potential  markets  in  the  developing  world  (e.g.  China  and 
India).  These  countries  will  increase  their  fossil  fuel 
consumption  as  their  economies  expand.  By  providing  more 
energy  efficient  technologies  to  these  nations,  global  carbon 
dioxide  emissions  in  the  future  can  be  reduced  over  the 
amounts  that  are  projected  if  they  utilize  existing  energy 
technologies. 


EPA 


EPA  is  directed  to  terminate  ORD's  global  climate  change 
research  program  in  H.R.  181 4  (p.  13-14of  the  Rpt.).  EPA's 
program  focusses  on  assessing  the  potential  social  and 
economic  impacts  of  global  climate  change. 
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THREAT  OF  RISING  CATASTROPHIC  LOSSES 
CALLS  FOR  RESEARCH  FUNDING 
by  Frank  Nutter 

President,  Reinsurance  Association  of  America 

In  recent  years,  natural  disasters  from  climate  relatedevents  such  as  hurricanes, 
tornadoes,  wildfires,  severe  winterstonns  and  floods  have  taken  an  increasing  toll  on  the 
public, government  and  insurers.   Much  of  the  dramatic  increase  in  losses  can  be  attributed  to 
population  growth  in  high-risk  areas,  and  to  an  increase  in  the  value  of  vulnerable  property. 
There  also  have  been  changes  in  the  frequency  and  severity  of  extreme  weather  events. 

Insurers,  policy-holders,  and  governments  (both  federal  and  state)  have  been  greatly 
affected.   For  the  US  insuiance  industry,  claim  payments  related  to  natural  catastrophes 
(including  events  unrelated  to  the  weather,  such  as  earthquakes)  rose  dramatically  between 
1949  and  1993.   They  peaked  in  1992  at  nearly  $23  billion,  $15.5  billion  of  which  resulted 
ftx>m  Hurricane  Andrew  alone. 

1995  is  following  the  trend.   During  the  first  three  quarters  of  1995,  total  insured 
property  damage  from  natural  catastrophes  in  the  US  amounted  to  an  estimated  $5.7  billion. 
The  fourth  quarter  opened  with  Hurricane  Opal  striking  on  October  4th  and  inflicting  an 
estimated  $2.1  billion  in  insured  damages.  Even  without  additional  losses,  this  year's 
extraordinary  hurricane  season  has  helped  make  1995  the  third  most  expensive  in  the  history 
of  the  US  insurance  industry. 

Insurers  and  the  victims  of  weather  catastrophes  are  not  theonly  losers.   All 
policy-holders  pay  for  these  losses  through  higher  insurance  premiums.   Ultimately, 
taxpayers  pay  for  the  disaster  assistance  provided  by  government.   From  1990  to  1994,there 
was  a  64%  increase  in  federally  certified  disasters,  compared  to  1985-89.   During  these  last 
5  years,  disaster  relief  from  the  Federal  Emergency  Management  Agency  amounted  to 
billions  of  dollars. 

Climate  variations  or  longer  term  changes  may  become  dramatically  more  important. 
For  instance,  there  now  are  indications  that  we  may  see  a  major  upswing  in  hurricane 
activity  in  coming  years.   The  chances  of  a  major  hurricane  striking  a  US  city  would 
increase.   Insured  losses  alone  from  a  direct  hit  could  range  from  over  $25  billion  in  New 
Orleans  to  nearly  $55  billion  in  Miami. 

INSURANCE  INDUSTRY  RESPONSE 

The  insurance  industry  is  responding  with  a  range  of  initiatives.   The  Insurance 
Institute  for  Property  Loss  Reduction  (IIPLR)  was  created  last  year  to  help  reduce  deaths  and 
injuries  and  to  limit  property  damage  caused  by  natural  hazards.   The  Institute  promotes 
building  codes  improvements  and  enforcement;and  supports  superior  building  design, 
construction  methodologies,  and  materials. 
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Partly  in  response  to  meetings  in  early  1995  with  VicePresident  Gore,  our  industry 
will  undertake  a  comprehensive  review  of  the  Administration's  climate-  and  weather-  related 
initiatives,  and  wUl  evaluate  their  importance  to  insurers  and  policy-holders.   The  industry 
will  assist  the  Administration  as  it  investigates  the  implications  of  climate  scenarios  for  the 
vulnerability  of  property  to  damage  and  loss.   Insurers  will  explore  synergies  between  the 
promotion  of  alternative  energy  sources  and  technologies,  improvements  in  construction 
design  and  techniques,  and  other  initiatives  which  slow  global  climate  change  and  limit 
catastrophic  losses  from  extreme  weather. 

CRITICAL  NEED  FOR  RESEARCH  FUNDING 

Better  building  codes  and  improved  understanding  of  risk  e^qwsure  for  insurers  alone 
are  not  enough  to  meet  the  current  threat  to  our  country  and  our  economy.   A  better 
understanding  of  weather  patterns,  natural  climate  variability,  and  fundamental  shifts  in 
climate  ~  along  with  greater  understanding  of  the  potential  impacts  on  society  -  are  essential 
if  we  are  to  respond  to  threatening  conditions  in  a  cost-effective  way.   The  research  needed 
to  build  understanding  in  these  areas  constitutes  the  heart  of  the  US  Global  Change  Research 
Program  (USGCRP).  This  federally-funded  effort  ultimately  can  help  encourage  better 
contingency  planning,  save  billions  of  dollars  in  property  losses  and  most  importantiy,  save 
lives. 

A  program  the  scope  and  breadth  of  the  USGCRP  requires  federal  resources.   This 
widely  acclaimed  enterprise  successfully  embraces  a  broad  range  of  scientific  disciplines, 
manages  a  large  technological  infrastructure  -  from  earth-observing  satellites  to 
oceanogr^hic  vessels  ~  and  is  inherentiy  international.   TheUSGCRP  widely  disseminates 
information  critical  to  both  scientific  endeavor  and  practical  decision-making.   Nevertheless, 
the  USGCRP  offers  a  tempting  target  to  budget  cutters. 

It  is  critically  important  that  the  USGCRP  continues  to  receive  adequate  federal 
funding.     Excessive  cuts  could  contribute  to  higher  costs  not  just  for  disaster  victims, 
insurers  and  policy-holders,  but  for  the  federal  government  itself.   In  short,  continued 
research  is  a  wise  insurance  policy. 
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Appendix  II — Responses  to  Questions 


.^iLoiTaSn..  U.S.  HOUSE  OF  REPRESENTATIVES 

H'lSt  committee  on  science 

:0e  G.  MflTLfTT.  Mary<ar><] 

l«»i«p"Jt'i^"'""  SUITE  2320  RAYBURN  HOUSE  OFFICE  BUILDING 

yi^?§II;JX"so-o.c„»^».  WASHINGTON,  DC  20515-6301 

'J^^v%"^,^.,  12021  225-6371 

lnwfn«t   SCIENCE^HR  MOUSe  GOV 


October  19,  1995 


The  Honorable  Warren  M.  Christopher 

Secretary 

U.S.  Department  of  State 

2201  C  Street.  NW 

Washington,  DC    20520 

The  Honorable  Hazel  R.  O'Leary 

Secretary 

U.S.  Department  of  Energy 

1000  Independence  Avenue,  SW 

Washington,  DC   20585 

The  Honorable  Dr.  D.  James  Baker 

Administrator 

National  Oceanic  and  Atmospheric  Administration 

and  Under  Secretary  for  Oceans  and  Atmosphere 

U.S.  Department  of  Commerce 

14th  Street  and  Constitution  Avenue,  NW 

Washington,  DC    20230 

Dear  Secretaries  Christopher  and  O'Leary  and  Dr.  Baker: 

I  understand  that  the  Second  Assessment  Report  (SAR)  of  the  United  Nations 
Intergovernmental  Panel  on  Climate  Change  (IPCC)  is  scheduled  to  be  approved  in  a  plenary 
session  in  Rome  in  December. 

I  also  understand  that  the  Ad  Hoc  Group  on  the  Berlin  Mandate  (AGBM)  established  by 
the  Conference  of  the  Parties  (COP)  to  the  United  Nations  Framework  Convention  on  Climate 
Change  met  last  August  in  Geneva.  At  that  time,  AGBM  decided  to  consider  at  its  third 
session  in  March  1996  aspects  of  the  SAR  that  are  relevant  to  its  negotiation  of  various 
proposals  for  new  commitments  after  the  year  2000  for  Annex  I  Parties  to  the  Convention, 
which  includes  the  United  States  (US).  The  AGBM  will  also  consider  any  related  conclusions 
or  advice  of  the  Convention's  Subsidiary  Body  for  Scientific  and  Technological  Advice  (SBSTA) 
which  will  meet  In  February  1 996. 
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Secretaries  Christopher  and  O'Leary  and  Dr.  Balcer 
October  19,  1995 
Page  two 


A  number  of  individuals  and  groups  have  raised  concerns  about  several  procedural  and 
policy  aspects  relating  to  the  IPCC,  IPPC  SAR,  COP,  AGBM  and  SBSTA.  Consequently,  I 
would  appreciate  your  response  to  the  attached  questions  they  have  about  these  matters. 

I  request  your  responses  to  these  questions  by  November  20,  1995.  To  the  extent 
necessary,  please  consult  with  the  Office  of  the  US  Global  Change  Research  Program,  the 
White  House  Office  of  Science  and  Technology  Policy,  the  Environmental  Protection  Agency, 
and  any  other  agency  that  can  be  helpful. 

Should  you  have  any  questions  regarding  this  request  please  contact  Dr.  Harlan 
Watson  (202-225-98 1 6)or  Mr.  Larry  Hart  (202-225-7281  )of  the  Subcommittee  staff.  Thank 
you  for  your  immediate  attention  to  this  request. 

Sincerely, 


Dana  Rohrabacher 

Chairman 

Subcommittee  on  Energy  and  Environment 


Attachment 
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ATTACHMENT- QUESTIONS  SUBMITTED  BY  REPRESENTATIVE  DANA  ROHRABACHER 

October  19,  1995 

1 .  a.  Please  explain  the  applicable  procedures  for  preparation,  review,  approval,  and 

publication  of  the  SAR's  final  drafts  to  be  considered  at  the  December  meeting 
of  the  IPCC  Plenary  in  Rome  and  include  the  timetable  actually  provided  by  the 
IPCC  for  governments  and  others  to  review  and  comment  on  the  SARs  and  the 
related  synthesis  report.  This  should  include  a  discussion  of  the  roll  and 
selection  of  lead  authors  and  of  the  preparation  of  summaries  of  each 
assessment. 

b.  Did  the  US  and  the  IPCC  fully  comply  with  all  applicable  procedures? 

c.  Is  the  timetable  adequate? 

2.  I  understand  that  the  IPCC  also  proposed  to  adopt  a  lengthy  synthesis  report  on 
"Knowledge  Relevant  to  the  Interpretation  of  Article  2  of  the  Convention"  and  an  8- 
page  Summary  for  Policymakers  of  that  report.  This  proposal  was  apparently  made 
without  any  adherence  to  the  applicable  IPCC  procedures.  I  also  understand  that  the 
IPCC  recently  abandoned  the  longer  document.  It  has  been  reported  to  me,  however, 
that  some  want  to  incorporate  one  or  more  sections  of  the  abandoned  report  in  the 
Summary  for  Policymakers,  which  has  been  retitled. 

a.  Please  explain  the  origin  and  basis  of  both  reports  and  why  it  is  appropriate  at 
this  late  date  to  try  to  incorporate  portions  of  the  abandoned  synthesis  report 
in  the  retitled  Summary. 

b.  Did  any  person  or  persons  in  your  agencies  participate  in,  or  approve  of,  the 
original  decision,  later  abandoned,  that  the  IPCC  merely  should  "accept"  the 
longer  Synthesis  Report,  rather  than  requiring  its  line-by-line  approval  by 
governments  in  December? 

c.  Please  identify  those  persons  and  explain  why  the  US  apparently  supported  that 
process. 

3.  It  is  my  understanding  that  the  draft  reports  of  the  three  IPCC  Working  Groups  for  the 
SAR  and  the  draft  Synthesis  Report  are  likely  to  be  revised  at  meetings  in  Montreal  and 
Madrid  in  some  significant  respects  before  December.  Please  provide  a  copy  of  the 
US  government's  comments  on  each  such  draft. 

4.  A  draft  of  the  so-called  "Synthesis  Report"  forming  part  of  the  SAR  found  its  way  to 
the  media  via  the  Internet  even  though  clearly  marked  "For  Internal  Use  Only.  Do  not 
Cite/Distribute."  The  September  10,  1995  edition  of  the  New  York  Times  cited  the 
draft  document.  The  September  22,  1 995  edition  of  Science  reports  that  the  "source 
of  the  leak"  was  the  US  Global  Change  Research  Program  (USGCRP)  which  posted  the 
draft  on  the  World  Wide  Web,  "to  make  the  synthesis,  which  had  been  transmitted  to 
the  US  government  for  comment,  more  accessible  to  US  scientists  who  would  help 
supply  that  critique."  The  article  explains  that  a  New  York  Times  reporter,  while 
apparently  "surfing"  the  Internet,  read  the  report  and  "considered  its  appearance  on  the 
Web  to  be  tantamount  to  publication. "  The  Science  article  cites  the  Executive  Director 
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ATTACHMENT— Questions  Submitted  by  Representative  Dana  Rohrabacher 
October  19,  1995 
Page  2 

of  the  USGCRP  and  an  IPCC  official  employed  by  the  US  in  Washington  for  this 
explanation  of  the  "leak". 

An  article  in  the  October  1 6,  1 995  edition  of  the  Wall  Street  Journal  suggests  that  the 
document  on  the  internet  was  prepared  by  IPCC  Working  Group  II,  not  Working  Group 

I  which  concentrates  on  science  issues.  The  article  states  by  definition  Working  Group 

II  is  "not  in  the  business  of  assessing  the  latest  science  on  the  greenhouse  issues." 

a.  Please  identify  the  portion  of  the  draft  Synthesis  Report  that  was  carried  on  the 
Internet. 

b.  Why  did  the  US  ignore  the  explicit  statement  "Do  not  Distribute"  on  the  draft 
document  and  place  the  document  on  the  Internet? 

c.  Please  identify  the  US  scientists  whose  comments  were  being  sought  through 
the  Internet. 

d.  Please  provide  a  copy  of  the  invitation  for  scientist's  comments  that  was  carried 
on  the  Internet  and  the  US  comments  submitted  to  the  IPCC  on  that  document. 

e.  To  what  extent  has  the   US  previously  solicited  comments  on  draft  IPCC 
documents  from  scientists  through  the  Internet  or  other  methods? 

f.  Why  were  the  other  methods  not  used  in  this  case? 

5.  In  an  August  28,  1995  statement  on  the  future  of  the  IPCC,  the  US  delegation  at 

Geneva  said  that  the  IPCC  will  need  to  be  "restructured  to  serve  the  needs  of  the  COP 
and  SBSTA"  and  suggested  that  the  IPCC  modify  its  "expert  and  government  review 
mechanisms"  so  it  can  respond  to  the  needs  of  the  AGBM  "in  a  timely  fashion."  The 
US  added: 

"We  envisage  that  the  AGBM  and  the  COP  will  need  the 
IPCC  to  provide  reports  within  a  6-12  month  timeframe.  We 
believe  that  the  AGBM  and  the  COP  need  the  type  of  credible 
assessments  for  which  the  IPCC  is  so  well  known.  These  special 
reports  will  need  to  be  focused  on  the  needs  of  the  COP  and 
must  be  delivered  on  time— we  believe  the  IPCC  can  deliver." 

The  AGBM  currently  is  scheduled  to  complete  its  work  as  early  as  March  1 997.  It  has 
scheduled,  as  of  now,  a  total  of  five,  one-week  meetings  spread  out  between  October 
1 995  and  March  1 997  for  this  purpose. 

a.  Please  explain  how  and  to  what  extent  the  IPCC  needs  to  be  restructured  and 

its  review  mechanisms  modified  to  meet  AGBM  needs  from  March  1996  to 
March  1997. 
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b.  What  is  a  "timely  fashion"? 

c.  Since  the  COP  and  SBSTA  are  permanent  and  have  long-term  duties,  what  is 
their  need  for  this  new  accelerated  procedure? 

d.  Please  explain  how  the  IPCC  and  SBSTA  will  avoid  duplication  of  effort. 

e.  Was  the  above  statement  intended  to  suggest  that  some  new  process  be 
established  by  the  IPCC  for  interpreting  or  elaborating  on  matters  in  the  SAR? 

f.  Who  would  make  such  interpretations  or  elaborations  and  what  weight  should 
the  AGBM,  COP,  SBSTA  and  each  Party,  as  well  as  the  news  media  and  the 
public,  give  them? 

g.  How  will  this  new  process  affect  the  credibility,  independence,  and 
transparency  of  the  IPCC? 

h.  What  has  been  the  normal  timeframe  for  IPCC  reports,  including  special  reports? 

i.  Do  you  contemplate  eliminating  or  modifying  peer  review  or  Working  Group 

involvement,  including  line-by-line  government  approval  of  Summaries  for 
Policymakers  or  of  future  reports  provided  by  the  IPCC  to  the  COP  or  any  of  the 
subsidiary  bodies?    If  so,  please  explain  why. 

j.  I  understood  that  IPCC  reports  benefitted  from  peer  review  and  the  requirement 

of  government  line-by-line  approval.  How  will  sound  science  be  assured  in  a 
field  with  so  many  uncertainties? 

6.  At  the  August  meeting  in  Geneva,  SBSTA  supported  the  independence  of  the  IPCC  and 
identified  a  preliminary  list  of  areas  where  the  IPCC  could  assist  SBSTA  in  providing 
timely  information  and  advice  on  scientific  and  technical  issues.  SBSTA  apparently 
also  envisaged  the  need  for  IPCC  scientific  and  technical  advice  on  special  emerging 
projects  within  short  periods  like  one  year  or  so.  SBSTA,  however,  did  not  separately 
identify  its  short-  and  long-term  requirements,  but  agreed  to  a  consultative  mechanism 
between  the  offices  of  SBSTA  and  the  IPCC. 

a.  Which  of  the  items  on  SBSTA's  preliminary  list  would  require  IPCC  restructuring 
or  modification? 

b.  What  is  the  status  of  the  SBSTA/IPCC  consultative  mechanism? 

7.  In  Geneva  in  August,  a  US  statement  called  on  the  IPCC  to  develop  a  work  plan  for  the 
February  1996  meeting  of  SBSTA  for  the  following  purposes: 
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"The  need  is  to  evaluate  and  assess  future  effects  of 
proposed  amendments  and  protocols.  This  would  necessarily 
include,  among  other  options,  the  effects  of  targets  and 
timetables,  on  an  incremental  basis,  over  the  next  25-30  years, 
with  benchmarks,  for  example,  at  2005,  201 0,  201 5,  2020  and 
2025.  This  would  involve  both  top-down  and  bottom-up 
approaches.  Some  evaluations  would  involve  interaction  among 
topdown  modelers  currently  engaged  in  assessing,  on  an 
integrated  basis,  the  likely  projections  of  changes  resulting 
fromtargets  and  timetables  as  well  as  other  approaches.  We 
envision  bottom-up  assessments  utilizing  sector  models  and  other 
methods.  These  sectors  could  be  along  the  lines  that  we  have 
previously  related  in  our  intervention  on  inputs.  The  IPCC  has 
the  capability  to  engage  experts  in  a  relatively  short  timeframe  to 
develop  a  moderately  large  number  of  estimates  and  projections 
that  would  then  become  the  basis  for  a  special  assessment  report 
to  COP-2." 

a.  What  is  the  status  of  this  US  work  plan  proposal? 

b.  What  is  the  purpose  and  timing  of  the  work  plan  and  why  is  this  a  function  of 
the  IPCC? 

c.  What  is  the  IPCC's  capability  to  engage  experts? 

d.  During  the  AGBM  process  or  COP-2,  is  the  US  planning  to  advocate  or  support 
hard  or  soft  targets  and  timetables  of  any  kind  or  economic-  sector  approaches 
in  its  protocol  negotiations?  If  so,  is  the  US  seeking  to  gain  support  for  them 
through  the  use  of  an  expedited  process? 

8.         The  Parties  participating  in  the  SBSTA  and  the  AGBM  are  the  same. 

a.  Is  SBSTA  organized  to  provide  by  next  March  "relevant  advice"  to  the  AGBM 
about  the  SAR? 

b.  The  Secretariat  was  requested  to  prepare  a  document  identifying  issues  and 
input's  for  SBSTA's  considerations,  including  those  relevant  for  the  AGBM. 
What  is  the  status  of  that  document? 

c.  The  US  also  states  a  belief  that  there  are  a  number  of  issues  arising  from  the 
SAR  "that  will  need  to  be  further  developed  in  order  to  be  useful  to  the  AGBM." 
Since  the  SAR  is  not  yet  final,  such  a  belief  by  the  US  seems  premature.  What 
are  those  issues  and  what  is  the  basis  for  this  view? 


23-558    96-10 
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9.  COP-1  approved  a  Convention  budget  for  1996  and  1997  of  over  $18.6  million.  The 
Secretariat  said  a  portion  of  that  budget  will  be  contributed  to  the  IPCC. 

a.  What  is  the  IPCC  budget  for  1 994  through  1 997? 

b.  Please  identify  by  amount  and  source  all  IPCC  funds,  especially  any  contributed 
by  the  US  in  those  years. 

c.  What  is  the  Convention  contribution? 

d.  Why  is  this  Convention  contribution  needed? 

10.  I  understand  that  the  IPCC  Chairman  and  the  Chairmen  of  the  Working  Groups  may 
soon  leave  their  posts. 

a.  What  is  their  term  and  what  is  the  procedure  for  selecting  successors? 

b.  Who  are  the  US  candidates? 

11.  According  to  COP  decision  6  CP.1 ,  SBSTA  is  to  be  the  link  between  scientific, 
technical,  and  technological  assessments  and  the  information  provided  by 
competent  international  bodies  and  the  policy-oriented  needs  of  the  COP.  The 
functions  listed  in  Annex  I  of  the  COP  decision  related  to  SBSTA  seem  to  be 
extensive  and  maybe  overwhelming. 

a.  How  will  SBSTA  carry  out  those  functions  and  in  what  timeframe? 

b.  What  are  the  priorities? 

c.  The  US  said  review  of  national  communications  is  the  highest  priority.    Does 
SBSTA  agree? 

d.  What  is  the  timetable  for  that  national  communications  review? 

12.  The  COP  authorized  SBSTA  to  establish  (with  subsequent  COP  approval)  two 
intergovernmental  technical  advisory  panels  to  provide  advice  on  technologies  and 
methodologies.  The  US  August  statement  in  Geneva  said  that  it  was  "critical"  that  the 
technical  advisory  panel  on  methodologies  be  established  "as  soon  as  possible"  and 
that  it  could  consist  of  20  experts.  At  the  same  time,  the  US  said  the  advisory  panel 
on  technologies  was  not  as  urgent.  The  US  said  it  should  have  a  steering  group  of 
only  10  such  experts,  plus  a  substructure  of  experts. 

a.  Please  explain  the  US  ideas  for  the  activities  and  purpose  of  each  of  these 
panels  in  the  AGBM  process  and  the  long  term. 

b.  What  is  the  basis  for  your  suggestion  of  the  number  of  experts  for  each  panel? 
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c.  How  do  the  numbers  affect  the  ability  of  the  US  to  have  one  or  more  seats  on 
each  panel? 

d.  The  US  said  that  experts  should  be  nominated  by  governments,  but  they  could 
come  from  inside  or  outside  the  government.  As  you  know,  "experts"  often 
have  different  points  of  view  on  "scientific",  "technical",  or  "economic"  issues, 
and  most  have  policy  preferences. 

i.  What    is    the    definition    of    an    "expert"    for    the    panels    and    any 

substructure? 

ii.  What  criteria  would  be  used  by  the  US  in  selecting  such  experts  to 

ensure  that  they  are  qualified,  to  ensure  a  balance  of  views  on  issues 
and  policies,  and  to  avoid  potential  conflict  of  interest  problems? 

iii.         What  is,  in  your  view,  the  function  of  the  substructure  panels? 

iv.         What  is  your  view  of  the  substructure,  the  number  of  experts  required, 
and  the  criteria  for  selection? 

13.  An  Inside  EPA  article  of  September  29,  1995  quotes  an  environmentalist  as  saying 
that  "global  warming  will  continue  until  less  developed  countries  also  take  steps  to 
reduce  greenhouse  gas  emissions."  However,  the  Berlin  Mandate  does  not  address  the 
expected  growth  in  greenhouse  gases  from  these  countries.  It  merely  reaffirms  that 
these  countries  are  obligated  to  carry  out  commitments  they  pledged  to  implement 
when  they  ratified  the  Convention,  while  expressly  stating  that  the  AGBM  process  may 
not  introduce  any  new  commitments  for  developing  countries. 

a.  Why  did  the  US  agree  to  an  AGBM  process  that  fails  to  provide  for  discussion 
and  negotiation  of  new  commitments  at  any  time  by  developing  countries  to 
deal  with  this  growth? 

b.  What  steps,  if  any,  are  the  developing  countries  committed  to  take  under  the 
Convention  to  reduce  emissions  and  in  what  timeframe? 

c.  Are  those  commitments  contingent  under  the  Convention  on  Annex  I  countries 
providing  money  and  technologies  as  developing  countries  seem  to  contend? 

d.  What  specific  decision  should  the  AGBM  take  that  would  result  in  advancing  the 
implementation  of  developing  country  commitments? 

e.  Please  provide  a  table  in  million  metric  tons  comparing  estimates  in  which  the 
US  has  confidence,  based  on  Energy  Information  Administration  and  other 
reports,  of  total  world  greenhouse  gas  emissions  with  emissions  from  the 
former  Soviet  bloc,  the  US,  and  other  OECD  countries,  China,  India,  and  other 
developing  nations  for  the  years  1990,  2000,  2005,  2010,  2025  and  2100. 


286 


ATTACHMENT— Questions  Submitted  by  Representative  Dana  Rohrabacher 
October  19,  1995 
Page  7 

1 4.  A  statement  of  the  US  delegation  in  Geneva  in  August  noted  that  the  AGBM  requested 
for  its  March  1 996  session  that  SBSTA  provide  a  report  on  "innovative,  efficient  state- 
of-the-art  technologies  and  know-how  that  could  advance  the  implementation  of  the 
Berlin  Mandate"  and  suggested  that  such  an  inventory  should  be  prepared  by  the 
Secretariat. 

a.  Was  that  suggestion  adopted? 

b.  What  is  the  capability  of  either  organization  to  provide  such  a  report  or 
inventory  for  next  March  or  anytime  next  year? 

c.  How  would  either  organization  decide  whether  such  technologies  or  know-how 
are  either  innovative  or  efficient  or  that  they  could  advance  implementation  of 
the  mandate? 

d.  Just  as  important,  is  the  cost,  cost-effectiveness,  marketability,  and  usefulness 
of  such  technologies  or  know-how,  but  those  criteria  do  not  appear  to  be  part 
of  the  AGBM  or  US  criteria.   Why  not? 

15.  The  schedule  of  the  AGBM  seems  to  be  very  tight  and  the  number  of  sessions  seem 
few.  As  noted  in  Question  5  above,  there  are  only  five  weeks  available  between 
October  1 995  and  March  1 997  for  the  AGBM  to  pick  a  legal  instrument  and  negotiate 
its  contents.  Part  of  the  October,  1 995  session  will  be  devoted  to  Article  1 3  matters. 
The  last  session  is  scheduled  for  March  10,1997.  I  understand  that  the  US  suggested 
a  seventh  meeting,  but  met  opposition  from  the  Secretariat  for  budget  reasons,  and 
that  the  origin  of  the  1997  deadline  apparently  stems  from  the  US. 

a.  Did  the  US,  in  urging  the  1997  deadline,  contemplate  that  only  five  separate 
weeks  would  be  provided  for  this  effort? 

b.  Does  the  US  expect  that  COP-2  will  be  utilized  to  further  the  AGBM  process? 

c.  Where  will  COP-2  be  held  and  what  country  will  preside? 

16.  a.  What  consideration  have  you  given  to  the  type  of  instrument  that  should  be 

reported  by  the  AGBM? 

b.  What  instruments  other  than  a  protocol,  an  annex,  or  amendment  to  the 
Convention  are  available? 

c.  What  are  the  advantages  and  disadvantages  of  each? 

d.  Do  you  oppose  any  specific  instrument? 

e.  Which  instrument  do  your  prefer? 


287 


ATTACHMENT— Questions  Submitted  by  Representative  Dana  Rohrabacher 
October  19,  1995 
Page  8 

f .  Should  any  instrument  include  trade  sanctions,  other  enforcement  mechanisms, 

or  non-compliance  provisions,  as  well  as  monitoring  mechanisms?     Please 
describe  your  thinking  about  them. 

1 7.  The  procedures  for  adoption  of  each  of  the  instruments  are  set  forth  in  Articles  15-17 
of  the  Convention.  In  the  case  of  a  protocol  or  an  amendment,  they  must  be 
communicated  to  the  Parties  at  least  six  months  before  adoption  by  the  COP.  The  six 
months  allows  time  for  governments  and  the  public  to  review  the  instrument.  The 
AGBM  schedule  does  not  indicate  when  COP-3  will  meet.  I  understand  that  Japan  may 
want  to  host  the  third  meeting  of  the  COP  as  early  as  June  1 997.  However,  if  it  is  in 
June  1997,  the  six-month  period  would  not  be  available.  If  it  is  later  and  there  is  a 
seventh  AGBM  meeting  as  the  US  urged,  the  six-month  waiting  period  would  be  also 
affected.  Reportedly,  some  in  the  US,  particularly  the  State  Department,  think  there 
are  ways  to  circumvent  this  six-month  period.  Please  explain  them  and  explain  why 
the  State  Department  would  consider  suggesting  that  not  complying  with  that  specified 
period  is  good  policy  and  a  sound  precedent. 

18.  The  report  of  the  August  meeting  of  the  AGBM  observes  that  there  is  a  requirement 
for  a  comprehensive,  focused  on  priorities,  and  open  and  transparent  analysis  and 
assessment  to  assist,  in  an  iterative  manner,  the  negotiation  of  a  protocol  or  other  legal 
instrument.  Completion  dates  for  this  activity  will  be  decided  at  the  AGBM's  second 
session.  The  AGBM  schedule  appears  to  preclude  anything  other  than  a  rather  cursory 
analysis  and  assessment,  largely  dependent  on  the  IPCC  BAR,  inputs  from  Parties,  and 
the  work  of  various  intergovernmental  organizations. 

a.  Do  you  concur? 

b.  Will  the  assessment  and  analysis  examine  the  economic  impacts  of  all  proposals 
for  a  protocol,  the  trade,  job,  competitive,  and  economic  impacts  of  new 
commitments  by  Annex  I  countries  on  those  countries,  including  the  US,  and 
the  impact  of  such  commitments  on  developing  countries? 

c.  How  will  the  analysis  and  assessment  be  carried  out,  and  who  will  carry  it  out? 

d.  What  analysis  has  the  US  undertaken,  and  which  agencies  are  doing  it? 

e.  When  will  it  be  completed  and  available  for  review? 

1 9.  The  AGBM  report  said  that  the  analysis  and  assessment  would  draw  on  a  joint  project 
of  the  Organization  for  Economic  and  Development  (OECD)  and  International  Energy 
Agency  (lEA)  relating  to  policies  and  measures  for  "common  action".  It  is  my 
understanding  that  the  OECD  and  lEA  do  not  operate  in  an  open  and  transparent 
fashion,  and  that  many  of  their  products  are  classified  either  by  them  or  the  US.  The 
common  measures  the  OECD/IEA  apparently  are  examining  include  a  strong  carbon  tax, 
landing  tax  for  air  traffic  on  the  basis  of  emission  levels,  increasing  and  harmonizing 
aviation  fuel  taxes,  raise  sales  tax  on  gas  guzzlers,  congestion  taxes,  increase  road 
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freight  taxes,  CAFE  standards,  appliance  efficiency  standards,  minimum 
emission  standards,  market  aggregation  for  new  technologies,  phasing  out 
HFCs,  tradable  permits,  and  more. 

a.  Please  explain  why  the  US  believes  that  the  AGBM  should  utilize  the  OECD/IEA 
and  similar  organizations  when  they  do  not  utilize  an  open  and  transparent 
process  that  allows  participation  by  the  private  sector,  as  well  as  governments. 

b.  Please  provide  the  details  about  the  OECD/IEA  common  measures  project  and 
its  status. 

c.  Why  is  the  US  supporting  it? 

d.  Are  documents  provided  to  the  US  by  these  organizations  for  this  project 
classified  by  the  OECD,  the  lEA  or  the  US? 

e.  What  is  the  statutory  or  other  basis  for  such  classification? 

f .  What  is  the  expected  deadline  for  results  to  be  provided  to  AGBM? 

g.  Will  there  be  public  review  and  comment  of  draft  results  before  they  are 
submitted  to  the  AGBM? 

h.  Does  the  US  favor  the  development  of  common  measures? 

20.  I  understand  from  the  September  22,  1995  edition  of  Science  that  the  White  House, 
the  Institute  of  Medicine,  and  the  National  Academy  of  Sciences  held  a  conference  in 
September  about  the  linkage  between  climate  change  and  health  effects. 

a.  Please  explain  this  linkage,  and  provide  the  peer-reviewed  studies  supporting 
this  linkage. 

b.  Please  identify  all  the  conference  sponsors  and  the  Federal  funds  that  were 
expanded. 

c.  I  also  understand  that  the  conference,  in  a  breakout  discussion  group  on  public 
outreach  risk  communication,  developed  recommendations  which  were 
presented  by  an  EPA  official.  One  description  of  these  recommendations 
suggests  that  they  involve  considerable  use  of  public  relations  techniques,  such 
as  preparing  press  kits,  authoring  articles,  using  the  Internet,  and  distributing 
literature  for  doctors  to  give  patients.  Please  provide  a  copy  of  these 
recommendations,  explain  their  status,  and  indicate  what  role  the  Government 
plans  to  take  and  at  what  cost  to  implement  some  or  all  of  them. 
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21 .  The  September  22,  1 995  edition  of  Science  also  reports  that  the  National  Academy  of 
Science  has  sent  a  proposal  to  the  Center  for  Disease  Control,  the  National  Oceanic 
and  Atmospheric  Administration,  and  other  agencies  for  a  three-year  study  costing  $1 
million  concerning  the  linkage  between  global  change  and  human  health.  Please 
provide  a  copy  of  the  proposal  and  explain  its  status  and  the  source  of  funds  for  the 
proposal,  if  adopted. 
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United  States  Department  of  State 
Washington,  D.C.     20520 


MAY  -  9  1996 


l!':'rii:  Mr  .  Chairman : 

Thank  you  for  your  letter  of  October  19,  1995,  in  which  you 
r.nko<j  a  number  of  questions  about  climate  change  and 
<)rq-'ni?:a1: 1  ons  that  deal  with  the  issue  internationally.   We 
Mi"' I  c<rji7(>  for  the  delay  in  our  response. 

Per  your  request,  we  have  composed  comprehensive  answers  to 
»l\   of  your  questions  on  behalf  of  the  Departments  of  State  and 
Kni^vviY   and  the  National  Oceanic  and  Atmospheric 
Aduii  riist  rfit  ion  .   In  compiling  our  responses  we  have  consulted 
'vi  ■^tif^ively  with  other  agencies,  with  both  domestic  and 
' 'i' •■rnational  expertise  on  these  issues. 

We  tiopH  thiis  will  be  helpful  to  you  and  the  members  of  the 
.".nh.  'vmmi tl  ee .   If  you  have  any  questions  relating  to  this 
iii^'i''^r,  please  do  not  hesitate  to  contact  us. 


Sincerely, 


J^^^^<^^^<>-«tA<^<!^,^--p.j'^^ 


Barbara  Larkin 

Acting  Assistant  Secretary 

Legislative  Affairs 


i-inrlosuies  :  As  stated. 


vh'?.   Honorable 

Dam    Rohrabacher ,    Chaivman, 

;;iil:if;Mmmit  tee    '>»'    F.n'?igv    .?"'1    F.nv  i  i  ftiment , 
("ommittee   "u    .'-^'i  en<"r' , 

H'^USP    o'     PepT.'-':;!;nt ;it  i vrt:  . 
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Response  to  Chairman  Rohrabacher 
Questions  of  October  19,  1995 


)A.   PLEASE  EXPLAIN  THE  APPLICABLE  PROCEDURES  FOR  PREPARATION, 
REVIEW,  APPROVAL,  AND  PUBLICATION  OF  THE  BAR'S  FINAL  DRAFTS  TO 
BE  CONSIDERED  AT  THE  DECEMBER  MEETING  OF  THE  IPCC  PLENARY  IN 
ROME  AND  INCLUDE  THE  TIMETABLE  ACTUALLY  PROVIDED  BY  THE  IPCC 
FOR  GOVERNMENTS  AND  OTHERS  TO  REVIEW  AND  COMMENT  ON  THE  SAR ' S 
AND  THE  RELATED  SYNTHESIS  REPORT.   THIS  SHOULD  INCLUDE  A 
DISCUSSION  OF  THE  ROLL  AND  SELECTION  OF  LEAD  AUTHORS  AND  OF  THE 
PREPARATION  OF  SUMMARIES  OF  EACH  ASSESSMENT. 

Answer;   Attached  please  find  a  copy  of  materials  adopted  at 
the  IPCC's  Tenth  Session  (Nairobi,  10-12  November  1994). 
These  materials  include  a  brief  description  of  "The  IPCC 
Review  Process"  as  well  as  the  "IPCC  Procedures  for 
Preparation,  Review,  Acceptance,  Approval  and  Publication  of 
its  Reports."   Please  note  that  the  latter  document  includes 
two  annexes.  Annex  1  on  the  "IPCC  Workshop  Policy",  and 
Annex  2  on  the  "Tasks  and  Responsibilities  for  Lead  Authors, 
Contributors  and  Expert  Reviewers  of  IPCC  Reports  and  IPCC 
Government  Contacts." 

Following  publication  of  the  IPCC's  First  Assessment 
Report  in  1990,  and  in  anticipation  of  beginning  work  on  its 
Second  Assessment  Report  in  1994,  the  IPCC  sought  to  respond 
to  concerns  that  its  procedures  were  not  sufficiently 
rigorous.   While  a  strength  of  the  IPCC  has  been  its 
flexibility  and  its  ability  to  avoid  bureaucratic  process  so 
as  to  produce  high-quality  assessments  of  vital  use  to  the 
international  community  within  demanding  deadlines,  the  IPCC 
nevertheless  recognized  the  value  of  a  more  systematic 
approach  to  its  assessment  efforts.   Consequently,  the  IPCC 
adopted  the  enclosed  procedures,  which  benefitted  from  close 
interaction  with  the  Parties  and  with  non-governmental 
organizations,  particularly  from  certain  representatives  of 
the  U.S.  private  sector,  in  the  development  process. 

Also  attached,  please  find  a  copy  of  the  timetable  used 
in  the  production  of  the  Second  Assessment  Report,  provided 
by  the  IPCC  Secretariat  in  Geneva. 

The  role  of  IPCC  lead  authors  is  described  in  the 
enclosed  Annex  2  "Tasks  and  Responsibilities  for  Lead 
Authors,  Contributors  and  Expert  Reviewers  of  IPCC  Reports 
and  IPCC  Government  Contacts"  to  the  "IPCC  Procedures  for 
Preparation,  Review,  Acceptance,  Approval  and  Publication  of 
IPCC  Reports."   In  addition.  Section  2  on  "Organization  of 
Work"  of  the  "IPCC  Procedures"  indicate  how  lead  authors  are 
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selected.   Please  note  that  the  IPCC  Working  Group  bureau 
designated  one  lead  author  from  among  the  group  selected  to 
serve  as  the  "convening  lead  author"  for  each  chapter  of  the 
IPCC's  SAR.   The  "convening  lead  author"  was  responsible  in 
each  case  for  maintaining  communications  with  the  other  lead 
authors  and  ensuring  that  the  work  was  prepared  on  time. 


IB.   DID  THE  US  AND  THE  IPCC  FULLY  COMPLY  WITH  ALL  APPLICABLE 
PROCEDURES? 

Answer :   By  and  large  the  IPCC  followed  its  procedures 
closely  and  admirably  in  producing  its  Second  Assessment 
Report.   At  one  point,  the  IPCC  Chair  and  Executive 
Secretary  issued  a  letter  (dated  July  31,  1995)  indicating 
that  the  drafting  Team  of  the  Synthesis  Report  would  submit 
a  lengthy  document  to  the  11th  IPCC  Plenary  for  its 
"acceptance",  and  that  a  shorter  summary  of  that  document 
would  be  submitted  to  the  11th  Plenary  for  line-by-line 
approval  by  governments.   This  letter  occasioned 
considerable  concern  on  the  part  of  some  representatives  of 
the  U.S.  private  sector  who  maintained,  rightly,  that  the 
"IPCC  Procedures"  did  not  provide  for  "acceptance"  of  a 
document  produced  by  any  group  other  than  an  IPCC  working 
group.   Subsequently,  the  IPCC  Chair  issued  another  letter 
explaining  that  a  shorter  version  of  the  Synthesis  Report 
developed  by  the  drafting  team  would  be  submitted  for 
line-by-line  approval  by  governments  at  the  IPCC  11th 
Plenary,  and  the  IPCC  subsequently  followed  this  approach. 
The  IPCC  Chair  also  extended  the  deadline  for  comments  on 
the  original  "Synthesis  Report"  draft  that  had  been 
circulated  for  comment. 


IC.    IS  THE  TIMETABLE  ADEQUATE? 

Answer :   Communications  involving  over  100  countries  in 
undertakings  as  mammoth  as  the  IPCC  Second  Assessment  Report 
are  invariably  complex.   The  IPCC's  efforts  in  this  regard 
are  virtually  unparalleled.   While  experts  and  governments 
could  always  use  more  time,  they  demonstrated  at  the  11th 
Plenary  in  Rome  in  December  1995,  and  at  the  plenary 
sessions  of  the  working  groups  in  Madrid,  Montreal  and 
Geneva,  that  the  timetable,  while  difficult,  was  largely 
adequate . 


2.   I  UNDERSTAND  THAT  THE  IPCC  ALSO  PROPOSED  TO  ADOPT  A  LENGTHY 
SYNTHESIS  REPORT  ON  "KNOWLEDGE  RELEVANT  TO  THE  INTERPRETATION 
OF  ARTICLE  2  OF  THE  CONVENTION"  AND  AN  8  PAGE  SUMMARY  FOR 
POLICYMAKERS  OF  THAT  REPORT.   THIS  PROPOSAL  WAS  APPARENTLY  MADE 


296 

Rohrabacher: October  19.  1996  Response p.  3 


WITHOUT  ANY  ADHERENCE  TO  THE  APPLICABLE  IPCC  PROCEDURES.   I 
ALSO  UNDERSTAND  THAT  THE  IPCC  RECENTLY  ABANDONED  THE  LONGER 
DOCUMENT.   IT  HAS  BEEN  REPORTED  TO  ME,  HOWEVER,  THAT  SOME  WANT 
TO  INCORPORATE  ONE  OR  MORE  SECTIONS  OF  THE  ABANDONED  REPORT  IN 
THE  SUMMARY  FOR  POLICYMAKERS,  WHICH  HAS  BEEN  RETITLED. 

2A.   PLEASE  EXPLAIN  THE  ORIGIN  AND  BASIS  OF  BOTH  REPORTS  AND 
WHY  IT  IS  APPROPRIATE  AT  THIS  LATE  DATE  TO  TRY  TO  INCORPORATE 
PORTIONS  OF  THE  ABANDONED  SYNTHESIS  REPORT  IN  THE  RETITLED 
SUMMARY . 

Answer: 

The  following  (in  our  view,  accurate)  discussion  of  the 
origin  of  the  Synthesis  Report  appears  in  the  first  section 
of  the  Report  itself: 

"Following  a  resolution  of  the  Executive  Council  of  the 
World  Meteorological  Organization  (July  1992),  the  IPCC 
decided  to  include  an  examination  of  approaches  to 
Article  2,  the  Objective  of  the  UN  Framework  Convention 
on  Climate  Change  (UNFCCC) ,  in  its  work  program.   It 
organized  a  workshop  on  the  subject  in  October  1994  in 
Fortaleza,  Brazil,  at  the  invitation  of  the  Government  of 
Brazil.  Thereafter,  the  IPCC  Chairman  assembled  a  team  of 
lead  authors  . . .  under  his  chairmanship  to  draft  the 
Synthesis.   The  team  produced  the  draft  which  was 
submitted  for  expert  and  government  review  and  comment. 
The  final  draft  synthesis  was  approved,  line-by-line  by 
the  IPCC  at  its  eleventh  session  (Rome,  11-15  December 
1995),  where  representatives  of  116  governments  were 
present  as  well  as  13  intergovernmental  and  25 
non-governmental  organizations . " 

The  synthesis  report  discusses  each  of  the  various  issues 
raised  in  Article  2:  (i)  "anthropogenic  interference  with 
the  climate  system";  (ii)  vulnerability  of  systems  (human 
health  and  ecological  and  socio-economic  systems)  to  climate 
change";  (iii)  analytical  approach  to  stabilization  of 
atmospheric  concentrations  of  greenhouse  gases;  (iv) 
technology  and  policy  options  to  stabilize  greenhouse  gas 
concentrations:   (v)  equity  and  social  considerations;  and 
(vi)  implications  of  climate  change  for  economic  development 
in  a  sustainable  manner. 

The  synthesis  report  was,  as  required,  based  on  the  1994 
and  1995  IPCC  assessments.   A  drafting  team  was  assembled  to 
assist  the  IPCC  Chair  in  preparing  the  report.   The  team 
consisted  of  26  individuals  (a  list  of  the  members  is 
attached)  including  the  co-chairs  of  the  IPCC  is  three 
Working  Groups,  the  IPCC  Executive  Secretary  and  the  heads 
of  the 
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three  IPCC  Technical  Support  Units.   Other  team  members 
included  two  experts  from  industry,  Dr.  Bronson  Gardner  from 
the  U.S.  Global  Climate  Coalition  and  Dr.  Michael  Jefferson 
from  the  World  Energy  Council. 

The  final  synthesis  report  is  wholly  consistent  with  the 
three  working  group  reports  of  which  two  (Working  Groups  II 
and  III)  had  already  been  approved  verbatim  (in  Montreal  in 
October,  1995)  when  the  Synthesis  Report  was  finalized,  and 
the  third  (of  Working  Group  I),  was  adopted  in  final  before 
the  Synthesis  Report  was  completed. 


2B.   DID  ANY  PERSON  IN  YOUR  AGENCIES  PARTICIPATE  IN,  OR  APPROVE 
OF,  THE  ORIGINAL  DECISION,  LATER  ABANDONED,  THAT  THE  IPCC 
MERELY  SHOULD  "ACCEPT"  THE  LONGER  SYNTHESIS  REPORT,  RATHER  THAN 
REQUIRING  ITS  LINE-BY-LINE  APPROVAL  BY  GOVERNMENTS  IN  DECEMBER? 

Answer:   Dr.  Watson  of  the  White  House  Office  of  Science  and 
Technology  Policy,  as  Co-Chair  of  Working  Group  II  of  the 
IPCC  and  a  member  of  the  Synthesis  Report  drafting  team,  was 
involved  in  discussions  leading  to  the  preparation  and 
approval  of  the  Report,  as  were  other  U.S.  members  of  the 
IPCC  Bureau,  the  IPCC  Synthesis  Report  drafting  team,  and 
U.S.  Delegation  to  the  IPCC  Plenary  Sessions.   The  United 
States  Government  fully  supported  the  adoption  of  the 
Synthesis  Report  in  a  line-by-line  review  at  the  IPCC 
Plenary  Session  in  Rome,  and  was  instrumental  in  assuring 
that  government-agreed  text  was  developed  for  the  entire 
document . 


2C.   PLEASE  IDENTIFY  THOSE  PERSONS  AND  EXPLAIN  WHY  THE  US 
APPARENTLY  SUPPORTED  THAT  PROCESS. 

Answer ;   As  noted  above,  the  U.S.  government  fully  supported 
the  final  decision  taken  by  the  IPCC  at  its  plenary  session 
to  adopt  the  IPCC  Synthesis  Report  after  a  line-by-line 
review.   In  the  course  of  preparing  the  Synthesis  Report, 
numerous  alternative  approaches  were  suggested,  including 
one  which  would  have  followed  IPCC  procedures  used  in  the 
preparation  and  approval  of  the  underlying  chapters  for  the 
IPCC  Second  Assessment  Report  --  in  which  a  line-by-line 
review  by  governments  at  the  plenary  session  is  not  part  of 
the  final  approval  process.   The  IPCC  (with  U.S.  support) 
has  used  these  procedures  successfully  to  develop  and 
endorse  materials  which  are  too  voluminous  for  a 
line-by-line  review  in  formal  sessions  to  which  more  than 
100  different  governments  are  represented.   However,  it  was 
decided  that  a  summary  paper,  which  could  allow  for  such  a 
full  review,  would  be  a  more  appropriate  format  for  the 
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Synthesis  Report,  and  the  U.S.  was  instrumental  in  ensuring 
that  the  final  text  was  developed  in  a  process  requiring 
consensus  for  its  approval. 


3.   IT  IS  MY  UNDERSTANDING  THAT  THE  DRAFT  REPORTS  OF  THE  THREE 
IPCC  WORKING  GROUPS  FOR  THE  SAR  AND  THE  DRAFT  SYNTHESIS  REPORT 
ARE  LIKELY  TO  BE  REVISED  AT  MEETINGS  IN  MONTREAL  AND  MADRID  IN 
SOME  SIGNIFICANT  RESPECTS  BEFORE  DECEMBER.   PLEASE  PROVIDE  A 
COPY  OF  THE  US  GOVERNMENT'S  COMMENTS  ON  EACH  SUCH  DRAFT. 

Answer :   The  texts  of  the  papers  of  IPCC  Working  Groups  I, 
II,  and  III  have  all  been  revised  from  the  early  drafts  that 
were  submitted.   Revisions  were  based  not  only  on  extensive 
comments  from  the  United  States  Government,  private  sector 
and  non-government  organizations  submissions,  but  also  on 
extensive  submissions  from  other  governments.   Attached  are 
copies  of  the  final  texts  of  the  summary  for  policymakers 
from  each  working  group.   The  United  States  concurred  with 
the  final  versions  of  these  texts  during  the  course  of 
plenary  sessions  at  which  the  documents  were  reviewed 
line-by-line  by  all  governments  involved  in  the  IPCC. 


4.  A  DRAFT  OF  THE  SO-CALLED  "SYNTHESIS  REPORT"  FORMING  PART  OF 
THE  SAR  FOUND  ITS  WAY  TO  THE  MEDIA  VIA  THE  INTERNET  EVEN  THOUGH 
CLEARLY  MARKED  "FOR  INTERNAL  USE  ONLY.   DO  NOT 

CITE/DISTRIBUTE."   THE  SEPTEMBER  10,  1995  EDITION  OF  THE  NEW 
YORK  TIMES  CITED  THE  DRAFT  DOCUMENT.   THE  SEPTEMBER  22,  199  5 
EDITION  OF  SCIENCE  REPORTS  THAT  THE  "SOURCE  OF  THE  LEAK"  WAS 
THE  US  GLOBAL  CHANGE  RESEARCH  PROGRAM  (USGCRP)  WHICH  POSTED  THE 
DRAFT  ON  THE  WORLD  WIDE  WEB,  "TO  MAKE  THE  SYNTHESIS,  WHICH  HAD 
BEEN  TRANSMITTED  TO  THE  US  GOVERNMENT  FOR  COMMENT,  MORE 
ACCESSIBLE  TO  US  SCIENTISTS  WHO  WOULD  HELP  SUPPLY  THAT 
CRITIQUE."   THE  ARTICLE  EXPLAINS  THAT  A  NEW  YORK  TIMES 
REPORTER,  WHILE  APPARENTLY  "SURFING"  THE  INTERNET,  READ  THE 
REPORT  AND  "CONSIDERED  ITS  APPEARANCE  ON  THE  WEB  TO  BE 
TANTAMOUNT  TO  PUBLICATION."   THE  SCIENCE  ARTICLE  CITES  THE 
EXECUTIVE  DIRECTOR  OF  THE  USGCRP  AND  AN  IPCC  OFFICIAL  EMPLOYED 
BY  THE  US  IN  WASHINGTON  FOR  THIS  EXPLANATION  OF  THE  "LEAK". 

AN  ARTICLE  IN  THE  OCTOBER  16,  1995  EDITION  OF  THE  WALL 
STREET  JOURNAL  SUGGESTS  THAT  THE  DOCUMENT  ON  THE  INTERNET  WAS 
PREPARED  BY  IPCC  WORKING  GROUP  II,  NOT  WORKING  GROUP  I  WHICH 
CONCENTRATES  ON  SCIENCE  ISSUES.   THE  ARTICLE  STATES  BY 
DEFINITION  WORKING  GROUP  II  IS  "NOT  IN  THE  BUSINESS  OF 
ASSESSING  THE  LATEST  SCIENCE  ON  THE  GREENHOUSE  ISSUES." 

4A.  PLEASE  IDENTIFY  THE  PORTION  OF  THE  DRAFT  SYNTHESIS  REPORT 
THAT  WAS  CARRIED  ON  THE  INTERNET. 
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4B.    WHY  DID  THE  US  IGNORE  THE  EXPLICIT  STATEMENT  "DO  NOT 
DISTRIBUTE"  ON  THE  DRAFT  DOCUMENT  AND  PLACE  THE  DOCUMENT  ON  THE 
INTERNET? 

4C.    PLEASE  IDENTIFY  THE  US  SCIENTISTS  WHOSE  COMMENTS  WERE 
BEING  SOUGHT  THROUGH  THE  INTERNET. 

4D.  PLEASE  PROVIDE  A  COPY  OF  THE  INVITATION  FOR  SCIENTIST'S 
COMMENTS  THAT  WAS  CARRIED  ON  THE  INTERNET  AND  THE  US  COMMENTS 
SUBMITTED  TO  THE  IPCC  ON  THAT  DOCUMENT. 

4E.    TO  WHAT  EXTENT  HAS  THE  US  PREVIOUSLY  SOLICITED  COMMENTS 
ON  DRAFT  IPCC  DOCUMENTS  FROM  SCIENTISTS  THROUGH  THE  INTERNET  OR 
OTHER  METHODS? 

4F.    WHY  WERE  THE  OTHER  METHODS  NOT  USED  IN  THIS  CASE? 

Answer  (4.A-F): 

The  IPCC  Second  Assessment  consists  of  four  parts:   IPCC 
WG  I  on  the  science  of  climate  change,  IPCC  WG  II  on 
analyses  of  impacts,  adaptation  to  and  mitigation  of  climate 
change,  IPCC  WG  III  on  the  economic  and  social  dimensions  of 
climate  change,  and  a  Synthesis  Report  drawing  from  all 
three  WG  reports  information  relevant  to  interpreting 
Article  2  of  the  Framework  Convention  on  Climate  Change. 
For  each  of  these  four  parts,  the  IPCC  has  carried  out  an 
extensive  review  process.   After  review  by  co-authors  and  by 
a  select  group  of  scientific  experts,  the  IPCC  conducts  a 
paper  review  by  governments  prior  to  the  report  being 
considered  by  the  IPCC  Working  Group  Plenaries  (or  the  full 
IPCC  plenary  in  the  case  of  the  Synthesis  Report)  for 
acceptance. 

As  part  of  the  government  review,  the  IPCC  distributes  a 
copy  of  the  draft  report  to  more  than  150  nations,  to 
hundreds  of  scientific  experts,  and  to  several  dozen 
participating  non-governmental  organization  (NGOs)  spanning 
the  spectrum  from  environmental  to  industrial  to  academic 
that  are  accredited  to  the  IPCC.   The  IPCC  guidelines 
explicitly  indicate  that  governments  may  wish  to  organize 
their  own  mechanisms  for  consulting  experts  in  preparing 
their  responses;  the  guidelines  do  require  that  the  results 
of  such  domestic  reviews  be  coordinated  into  an  integrated 
set  of  comments.   (Note:   a  copy  of  the  IPCC  guidelines  is 
attached) .   The  USG  sought  input  for  the  preparation  of  its 
comments  from  (a)  invited  scientific  experts,  (b)  agencies 
of  the  USG,  who  might  themselves  refer  the  report  to  experts 
they  would  select,  and  (c)  the  stakeholder  community, 
envisioned  as  anyone  with  a  special  interest  or  expertise  in 
matters  dealt  within  the  report. 
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The  USG  interagency  review  process  was  coordinated  by  the 
Subcommittee  on  Global  Change  Research  (SGCR,  which  oversees 
the  US  Global  Change  Research  Program)  on  behalf  of  the 
Department  of  State,  which  serves  as  the  official  USG 
contact  point  to  the  IPCC.   For  each  IPCC  report,  the 
process  involved: 

—  the  SGCR  selecting  a  chair  of  the  review; 

—  the  chair  identifying  review  coordinators  for  each 
chapter  drawn  from  USGCRP  agencies; 

—  the  chapter  coordinators  identifying  and  soliciting 
names  of  expert  scientific  reviewers; 

—  the  report  and/or  individual  chapters  being 
distributed  to  each  expert  reviewer  and  agency 
(generally  by  express  mail  due  to  the  short  timeline 
for  the  review) ; 

—  the  publication  in  the  Federal  Register  (and  also  on 
relevant  electronic  bulletin  boards,  etc.)  of  a  notice 
of  availability  of  the  reports  for  review,  with 
information  on  how  to  request  a  paper  copy  of  the 
report  and  how  to  submit  review  comments; 

—  the  assembly  and  collation  of  all  comments; 

—  the  interagency  review,  evaluation,  and  synthesis  of 
comments  to  be  included  in  the  official  USG  response; 

—  final  interagency  clearance  of  the  comments;  and 

—  transmission  of  the  comments  to  the  IPCC. 

In  addition  to  its  formally  vetted,.  USG-accepted  and 
collated  comments,  the  United  States  also  forwarded  to  the 
IPCC  a  notebook  containing  all  of  the  original  individual 
comments  received  during  our  review  process.   The  entire 
sequence  of  steps  described  above  occured  within  six  to 
eight  weeks  in  order  to  meet  the  time  schedule  that  was  set 
by  the  IPCC  to  assure  timely  publication  of  the  Second 
Assessment  Report. 

The  full  text  of  the  August  1995  draft  of  the  Synthesis 
Report  was  made  available  on  the  Internet.   This  was  the 
official  government  review  draft  of  the  Synthesis  Report, 
which,  as  provided  for  under  the  IPCC  guidelines,  the  United 
States  was  circulating  for  full  review  by  experts  in  the 
preparation  of  a  comprehensive  set  of  comments.   In  the  U.S. 
view,  the  IPCC  provision  limiting  distribution  or  citation 
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is  meant  to  ensure  that  any  draft  is  not  used  uncritically 
as  the  basis  for  policy  development,  is  not  referenced  in 
publications,  and  is  considered  only  an  intermediate  step  in 
a  formal  government  and  non-government  expert  deliberation 
and  approval  process. 

As  indicated  above,  the  USG  had  chosen  an  open  process 
involving  agencies,  scientific  experts,  and  other  interested 
parties  by  making  available  all  of  the  draft  IPCC  WG  reports 
and  the  draft  Synthesis  Report  through  a  Federal  Register 
notice.   This  was  intended  to  ensure  that  all  parties, 
especially  stakeholder  groups,  would  have  an  opportunity  to 
contribute  to  the  formulation  of  USG  comments  on  this 
important  assessment.   The  materials  made  available  through 
the  Federal  Register  notice  were  paper  copies  and  were 
distributed  by  express  mail  to  allow  additional  time  for 
review.   Due  to  the  delay  this  was  causing  in  distributing 
reports,  and  because  of  the  time  and  cost  involved  in 
reproducing  them,  the  USGCRP  had  received  several  inquiries 
asking  if  electronic  versions  could  be  made  available  (i.e., 
via  internet) .   As  it  was  not  possible  in  the  short  time 
available  to  reproduce  text,  figures,  and  reference  points 
to  the  text  electronically,  this  was  not  done  for  the  three 
WG  reports. 

However,  because  the  Synthesis  Report  was  shorter  than 
the  WG  reports,  the  USGCRP  was  able  to  place  the  text  of 
this  report  on  Internet  to  facilitate  access  and 
redistribution.   Given  that  the  report  was  already  available 
via  request  based  on  the  Federal  Register  notice,  the 
mounting  of  the  report  on  Internet  was  not  the  only,  nor 
even  the  principal,  way  that  the  draft  text  was  made 
available.   By  making  the  report  more  widely  available,  we 
were  seeking  as  broad  a  consideration  and  set  of  input  as 
possible. 

Copies  of  the  text  mounted  on  Internet  are  unfortunately 
not  available.   Instead,  attached  please  find  a  copy  of  the 
IPCC  guidelines  for  consulting  experts.   We  have  no  means  of 
knowing  for  certain  how  individuals  who  commented  received 
the  draft  report  —  whether  they  received  the  text  in  the 
electronic  form  or  even  if  they  received  a  copy  of  the  text 
from  the  USG,  given  its  general  availability  in  the  US  and 
overseas . 

For  the  1990,  1992,  and  1994  IPCC  reviews,  the  USG 
solicited  comments  from  specific  experts  through  requests  by 
agency  representatives.   These  requests  generally  went  to 
scientific  experts  of  all  perspectives,  and  selected 
representatives  of  a  variety  of  stakeholder  groups.   It  was 
this  process  that  indicated  the  solicitation  of  comments  was 
too  narrow.   Thus,  for  the  1995  assessment,  the  USG,  as 
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indicated  above,  not  only  mailed  the  report  out  to  selected 
experts,  but  also  made  the  report  more  widely  available 
through  a  Federal  Register  notice  process. 

With  respect  to  article  in  The  New  York  Times  on  this 
issue,  we  do  note  that  the  Internet  text  was  reproduced  with 
the  same  text  as  on  the  printed  version:   "Not  for  citation 
of  reproduction."   Furthermore,  in  our  view,  a  draft  report 
which  is  openly  available  to  all  requesting  a  copy  cannot  be 
said  to  have  been  "leaked". 

With  respect  to  the  point  made  in  the  Wall  Street  Journal 
article,  the  draft  Synthesis  Report  (placed  on  Internet) 
draws  from  each  of  the  three  IPCC  WG  reports.   It  therefore 
contains  material  about  climate  change  science,  including 
effects,  climate  change  impacts,  and  socio-economic  aspects. 

5.   IN  AN  AUGUST  28,  199  5  STATEMENT  ON  THE  FUTURE  OF  THE  IPCC, 
THE  US  DELEGATION  AT  GENEVA  SAID  THAT  THE  IPCC  WILL  NEED  TO  BE 
"RESTRUCTURED  TO  SERVE  THE  NEEDS  OF  THE  COP  AND  SBSTA"  AND 
SUGGESTED  THAT  THE  IPCC  MODIFY  ITS  "EXPERT  AND  GOVERNMENT 
REVIEW  MECHANISMS"  SO  IT  CAN  RESPOND  TO  THE  NEEDS  OF  THE  AGBM 
"IN  A  TIMELY  FASHION."   THE  US  ADDED: 

"WE  ENVISAGE  THAT  THE  AGBM  AND  THE  COP  WILL  NEED  THE  IPCC  TO 
PROVIDE  REPORTS  WITHIN  A  6-12  MONTH  TIMEFRAME.   WE  BELIEVE 
THAT  THE  AGBM  AND  THE  COP  NEED  THE  TYPE  OF  CREDIBLE 
ASSESSMENTS  FOR  WHICH  THE  IPCC  IS  SO  WELL  KNOWN.   THESE 
SPECIAL  REPORTS  WILL  NEED  TO  BE  FOCUSED  ON  THE  NEEDS  OF  THE 
COP  AND  MUST  BE  DELIVERED  ON  TIME-WE  BELIEVE  THE  IPCC  CAN 
DELIVER." 

THE  AGBM  CURRENTLY  IS  SCHEDULED  TO  COMPLETE  ITS  WORK  AS 
EARLY  AS  MARCH  1997.   IT  HAS  SCHEDULED,  AS  OF  NOW,  A  TOTAL  OF 
FIVE,  ONE-WEEK  MEETINGS  SPREAD  OUT  BETWEEN  OCTOBER  1995  AND 
MARCH  19  97  FOR  THIS  PURPOSE. 

5A.   PLEASE  EXPLAIN  HOW  AND  TO  WHAT  EXTENT  THE  IPCC  NEEDS  TO  BE 
RESTRUCTURED  AND  ITS  REVIEW  MECHANISMS  MODIFIED  TO  MEET  AGBM 
NEEDS  FROM  MARCH  19  9  6  TO  MARCH  1997. 

Answer :   At  the  IPCC's  11th  Plenary  Session  in  Rome  in 
December  1995,  the  Panel  agreed  by  consensus  on  a  new 
procedure  that  would  enable  the  IPCC  to  prepare  "Technical 
Papers"  based  on  the  IPCC's  Second  Assessment  Report.   The 
IPCC  agreed  to  review  this  new  procedure  two  years  from  the 
date  of  its  adoption.   Under  the  new  procedure,  it  is 
possible  that  the  IPCC  can  produce  "Technical  Papers"  in  as 
little  as  six  months  from  the  appointment  of  lead  authors. 
Even  so,  given  the  schedule  of  the  AGBM,  it  is  not  clear 
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that  many  "Technical  Papers"  produced  by  the  IPCC  will  be 
completed  in  time  to  meet  the  needs  of  the  AGBM.   More 
likely,  such  technical  papers  may  be  of  greater  use  to  the 
convention's  other  subsidiary  bodies  —  the  Subsidiary  Body 
on  Scientific  and  Technological  Advice  (SBSTA)  and  the 
Subsidiary  Body  on  Implementation  (SBI)  —  in  their  ongoing 
work  to  implement  the  Convention.   A  copy  of  the  IPCC 
procedures  regarding  the  production  of  "Technical  Papers"  is 
attached. 

As  the  IPCC  prepares  in  1997  to  begin  work  on  its  Third 
Assessment  Report,  to  be  completed  in  the  year  2000  or  2001, 
a  number  of  proposals  to  restructure  the  Panel  may  be 
considered.   No  such  proposals  have  yet  been  tabled. 


5.B.   WHAT  IS  A  "TIMELY  FASHION?" 

Answer:   A  timely  fashion  is  to  provide  information  to  the 
Convention  or  one  of  its  subsidiary  bodies  in  a  timeframe 
that  will  enable  them  to  do  their  work  as  decided  by 
governments,  including  the  US  government.   IPCC  would  then 
have  to  evaluate  whether  it  could  provide  the  information  in 
the  time  span  allotted  in  a  manner  consistent  with  its  high 
standards,  transparency  and  approved  peer-review  procedures. 


5.C.   SINCE  THE  COP  AND  SBSTA  ARE  PERMANENT  AND  HAVE  LONG-TERM 
DUTIES,  WHAT  IS  THEIR  NEED  FOR  THIS  NEW  ACCELERATED  PROCEDURE? 

Answer :   Until  the  IPCC  adopted  new  procedures  for  the 
production  of  "Technical  Papers"  at  its  11th  Plenary  Session 
in  Rome,  the  "IPCC  Procedures"  envisioned  only  two  kinds  of 
efforts  —  special  reports  that  require  12-18  months  to 
produce,  and  full  assessment  reports  that  require  about  five 
years.   Having  the  capability  now  to  produce  "Technical 
Papers",  which  could  be  completed  in  about  6  months  from  the 
time  lead  authors  are  selected,  may  enable  the  IPCC  to  be 
more  responsive  to  the  needs  of  the  COP.   Please  note,  in 
this  connection,  that  while  the  COP  meets  only  annually,  the 
SBSTA  meets  about  three  times  annually,  with  about  four 
months  between  sessions. 


5.D.   PLEASE  EXPLAIN  HOW  THE  IPCC  AND  SBSTA  WILL  AVOID 
DUPLICATION  OF  EFFORT. 

Answer :   IPCC  and  SBSTA  have  agreed  on  a  procedure  for  the 
leadership  of  the  SBSTA  and  the  other  subsidiary  bodies  of 
the  convention  (SBI  and  the  AGBM)  to  meet  at  regular 
intervals  with  the  Chair  of  the  IPCC  and  the  Co-Chairs  of 
the  three  IPCC  Working  Groups  to  determine  how  the  IPCC  may 
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best  be  of  service  to  the  convention  bodies  and  avoid 
duplication  of  effort.   In  addition,  the  same  governments 
approve  the  work  plan  of  the  IPCC  and  the  work  plan  of  the 
SBSTA  and  other  Convention  subsidiary  bodies  (SBI  and  AGBM) . 


5.E.   WAS  THE  ABOVE  STATEMENT  INTENDED  TO  SUGGEST  THAT  SOME  NEW 
-PROCESS  BE  ESTABLISHED  BY  THE  IPCC  FOR  INTERPRETING  OR 
ELABORATING  ON  MATTERS  IN  THE  SAR? 

Answer :   The  statement  was  intended  to  suggest  that  the  IPCC 
needed  a  new  process  that  would  enable  it  to  be  more 
responsive  to  the  convention,  e.g.,  through  the  production 
of  "Technical  Papers." 

5.F.   WHO  WOULD  MAKE  SUCH  INTERPRETATIONS  AND  WHAT  WEIGHT 
SHOULD  THE  AGBM,  COP,  SBSTA  AND  EACH  PARTY,  AS  WELL  AS  THE  NEWS 
MEDIA  AND  THE  PUBLIC  GIVE  THEM? 

Answer:   IPCC  "Technical  Papers"  presumably  be  of  the  same 
high  quality  as  other  IPCC  outputs.   However,  the  procedures 
that  the  IPCC  adopted  for  the  production  of  "Technical 
Papers"  require  that  each  such  paper  bear  an  important 
caveat  indicating  that,  while  "Technical  Papers"  will  have 
undergone  expert  and  government  review,  they  will  have  not 
been  considered  by  governments  for  possible  "acceptance"  or 
"approval . " 


5.G.   HOW  WILL  THIS  NEW  PROCESS  AFFECT  THE  CREDIBILITY, 
INDEPENDENCE,  AND  TRANSPARENCY  OF  THE  IPCC? 

Answer:   It  will  sustain  each  of  these  attributes  of  the 
IPCC.   In  addition,  by  enabling  the  IPCC  to  be  more 
responsive  to  the  needs  of  the  convention,  the  new  process 
will  likely  cause  the  IPCC  to  be  viewed  even  more  favorably. 


5.H.   WHAT  HAS  BEEN  THE  NORMAL  TIMEFRAME  FOR  IPCC  REPORTS, 
INCLUDING  SPECIAL  REPORTS? 

Answer :   The  normal  timeframe  for  production  of  IPCC  full 
assessment  reports  has  been  about  five  years;  the  normal 
timeframe  for  production  of  IPCC  special  reports  has  been 
one  to  two  years. 


5.1.   DO  YOU  CONTEMPLATE  ELIMINATING  OR  MODIFYING  PEER  REVIEW 
OR  WORKING  GROUP  INVOLVEMENT,  INCLUDING  LINE-BY-LINE  GOVERNMENT 
APPROVAL  OF  SUMMARIES  FOR  POLICYMAKERS  OR  OF  FUTURE  REPORTS 
PROVIDED  BY  THE  IPCC  TO  THE  COP  OR  ANY  OF  THE  SUBSIDIARY 
BODIES?   IF  SO,  PLEASE  EXPLAIN  WHY. 
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Answer :   Under  the  procedures  adopted  by  the  IPCC  for  the 
production  of  "Technical  Papers"  there  will  be  two 
opportunities  for  expert  and  government  review,  but  they 
will  not  require  line-by-line  approval  of  governments.   The 
IPCC  chose  not  to  require  line-by-line  government  approval 
of  "Technical  Papers"  for  several  reasons,  including:   1) 
the  narrower  focus  of  "Technical  Papers"  than  other  IPCC 
outputs  (i.e.,  special  reports  and  full  assessment  reports); 
2)  the  fact  that  technical  papers  will  be  based  on  already 
reviewed  material;  3)  the  significant  cost  of  convening 
plenary  sessions  of  all  governments  participating  in  the 
work  of  the  IPCC  in  order  to  obtain  line-by-line  government 
approval,  and  the  need  to  keep  costs  down;  and  4)  the  time 
required  to  obtain  line-by-line  government  approval,  and  the 
desire  to  be  more  responsive  to  the  needs  of  the  Convention. 


5. J.   I  UNDERSTOOD  THAT  IPCC  REPORTS  BENEFITTED  FROM  PEER 
REVIEW  AND  THE  REQUIREMENT  OF  LINE-BY-LINE  GOVERNMENT 
APPROVAL.   HOW  WILL  SOUND  SCIENCE  BE  ASSURED  IN  A  FIELD  WITH  SO 
MANY  UNCERTAINTIES? 

Answer :   It  is  certainly  correct  that  IPCC  reports  have 
benefitted  from  expert  and  government  review.   For  this 
reason,  the  IPCC  chose  to  provide  for  expert  and  government 
review  even  in  the  narrower  "Technical  Papers"  it  may 
produce  henceforth.   However,  for  such  "Technical  Papers," 
the  IPCC  decided  that  the  cost  of  line-by-line  government 
approval  --  whether  in  terms  of  the  expense  of  holding  full 
plenary  meetings  or  in  terms  of  the  time  required  —  was  not 
justified,  particularly  given  the  nature  of  such  "Technical 
Papers",  i.e.,  they  will  be  based  upon  previous  IPCC  reports 
which  have  undergone  line-by-line  approval  of  governments. 


6.   AT  THE  AUGUST  MEETING  IN  GENEVA,  SBSTA  SUPPORTED  THE 
INDEPENDENCE  OF  THE  IPCC  AND  IDENTIFIED  A  PRELIMINARY  LIST  OF 
AREAS  WHERE  THE  IPCC  COULD  ASSIST  SBSTA  IN  PROVIDING  TIMELY 
INFORMATION  AND  ADVICE  ON  SCIENTIFIC  AND  TECHNICAL  ISSUES. 
SBSTA  APPARENTLY  ALSO  ENVISAGED  THE  NEED  FOR  IPCC  SCIENTIFIC 
AND  TECHNICAL  ADVICE  ON  SPECIAL  EMERGING  PROJECTS  WITHIN  SHORT 
PERIODS  LIKE  ONE  YEAR  OR  SO.   SBSTA,  HOWEVER,  DID  NOT 
.SEPARATELY  IDENTIFY  ITS  SHORT-  AND  LONG-TERM  REQUIREMENTS,  BUT 
AGREED  TO  A  CONSULTATIVE  MECHANISM  BETWEEN  THE  OFFICERS  OF 
SBSTA  AND  THE  IPCC- 

r,A.   WHICH  OF  THE  ITEMS  ON  SBSTA 'S  PRELIMINARY  LIST  WOULD 
REQUIRE  IPCC  RESTRUCTURING  OR  MODIFICATION? 
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Answer :   It  is  not  clear  that  any  of  these  items  would 
require  IPCC  restructuring  or  modification,  particularly 
since  the  IPCC  adopted  new  procedures  for  the  production  of 
"Technical  Papers"  at  its  11th  Plenary  Session  in  Rome  in 
December  1995.   However,  some  items  on  the  SBSTA's 
preliminary  list  may  be  more  appropriately  treated  in  the 
IPCC's  Third  Assessment  Report  than  in  special  reports  or 
technical  papers  —  and  a  decision  to  this  end  was  made  at 
the  SBSTA  session  in  Geneva  in  March  1996.   As  noted,  it  is 
possible  that  the  IPCC  may  yet  consider  a  number  of 
restructuring  proposals  in  the  context  of  beginning  work  on 
this  Third  Assessment  Report,  which  is  anticipated  for  the 
year  2000  or  2001. 


6B.   WHAT  IS  THE  STATUS  OF  THE  SBSTA/IPCC  CONSULTATIVE 
MECHANISM? 

Answer :   The  consultative  mechanism,  as  noted,  involves 
coordination  among  officers  of  the  convention's  subsidiary 
bodies  (SBSTA,  SBI  and  AGBM)  as  well  as  officers  of  the  IPCC 
(i.e.,  the  Chair  and  the  Co-Chairs  of  the  IPCC  working 
groups) .   A  first  meeting  took  place  in  September  1995  in 
Geneva.   A  second  meeting  took  place  on  February  25,  1996, 
also  in  Geneva.   The  mechanism  is  thus  active  and  of 
considerable  benefit  in  promoting  closer  coordination 
between  the  IPCC  and  the  Convention  and  avoiding  duplication 
and  overlap. 


7.   IN  GENEVA  IN  AUGUST,  A  US  STATEMENT  CALLED  ON  THE  IPCC  TO 
DEVELOP  A  WORK  PLAN  FOR  THE  FEBRUARY  1996  MEETING  OF  SBSTA  FOR 
THE  FOLLOWING  PURPOSES: 

"THE  NEED  IS  TO  EVALUATE  AND  ASSESS  FUTURE  EFFECTS  OF 
PROPOSED  AMENDMENTS  AND  PROTOCOLS.   THIS  WOULD  NECESSARILY 
INCLUDE,  AMONG  OTHER  OPTIONS,  THE  EFFECTS  OF  TARGETS  AND 
TIMETABLES,  ON  AN  INCREMENTAL  BASIS,  OVER  THE  NEXT  2  5-30 
YEARS,  WITH  BENCHMARKS,  FOR  EXAMPLE,  AT  2005,  2010,  2015, 
2020  AND  2025.   THIS  WOULD  INVOLVE  BOTH  TOP-DOWN  AND 
BOTTOM-UP  APPROACHES.   SOME  EVALUATIONS  WOULD  INVOLVE 
INTERACTION  AMONG  TOP-DOWN  MODELERS  CURRENTLY  ENGAGED  IN 
ASSESSING,  ON  AN  INTEGRATED  BASIS,  THE  LIKELY  PROJECTIONS  OF 
CHANGES  RESULTING  FROMTARGETS  AND  TIMETABLES  AS  WELL  AS 
OTHER  APPROACHES.   WE  ENVISION  BOTTOM-UP  ASSESSMENTS 
UTILIZING  SECTOR  MODELS  AND  OTHER  METHODS.   THESE  SECTORS 
COULD  BE  ALONG  THE  LINES  THAT  WE  HAVE  PRECIOUSLY  RELATED  IN 
OUR  INTERVENTION  ON  INPUTS.   THE  IPCC  HAS  THE  CAPABILITY  TO 
ENGAGE  EXPERTS  IN  A  RELATIVELY  SHORT  TIMEFRAME  TO  DEVELOP  A 
MODERATELY  LARGE  NUMBER  OF  ESTIMATES  AND  PROJECTIONS  THAT 
WOULD  THEN  BECOME  THE  BASIS  FOR  A  SPECIAL  ASSESSMENT  REPORT 
TO  COP-2 . " 
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7A.    WHAT  IS  THE  STATUS  OF  THIS  US  WORK  PLAN  PROPOSAL? 

Answer :   The  IPCC,  at  its  plenary  session  from  December 
11-15,  1995  in  Rome,  discussed  its  future  work,  and 
recommended  a  series  of  near-term  work  efforts. 
Subsequently,  the  FCCC  Subsidiary  Body  for  Scientific  and 
Technological  Advice,  meeting  from  February  27-March  1,  1996 
in  Geneva,  made  additional  recommendations  for  work  that 
would  be  undertaken  by  the  IPCC.   A  copy  of  this  work 
program  is  attached.   We  do  note  that  much  of  the  analytical 
work  that  underlies  the  options  now  being  considered  has 
already  been  done  —  and  is  covered  in  the  detailed 
materials  of  Working  Groups  II  and  III  in  the  IPCC's  Second 
Assessment  Report. 

7B.   WHAT  IS  THE  PURPOSE  AND  TIMING  OF  THE  WORK  PLAN  AND  WHY  IS 
THIS  A  FUNCTION  OF  THE  IPCC? 

Answer :   The  intent  of  undertaking  analytic  work  of  this 
sort  is  to  establish  the  various  benefits  and  costs  of 
taking  action  to  mitigate  or  adapt  to  climate  change  -- 
including  considering  the  costs  of  the  "no  action"  case. 
Much  of  this  work  has  already  been  undertaken  by  the  IPCC. 

7C.   WHAT  IS  THE  IPCC'S  CAPABILITY  TO  ENGAGE  EXPERTS? 

Answer :   The  IPCC  regularly  solicits  and  incorporates  work 
of  some  of  the  world's  most  renowned  experts  in  its  reports; 
it  can  be  expected  to  continue  with  this  practice  in  its 
future  work. 


7D.   DURING  THE  AGBM  PROCESS  OR  COP-2 ,  IS  THE  US  PLANNING  TO 
ADVOCATE  OR  SUPPORT  HARD  OR  SOFT  TARGETS  AND  TIMETABLES  OF  ANY 
KIND  OR  ECONOMIC-SECTOR  APPROACHES  IN  ITS  PROTOCOL 
NEGOTIATIONS?   IF  SO,  IS  THE  US  SEEKING  TO  GAIN  SUPPORT  FOR 
THEM  THROUGH  THE  USE  OF  AN  EXPEDITED  PROCESS? 

Answer :   The  United  States  has  not  yet  made  a  decision  with 
respect  to  the  nature  of  commitments  appropriate  for  next 
steps  under  a  protocol  or  other  legal  instrument.   Part  of 
the  intent  of  the  analytic  phase  is  to  determine  the  range 
of  options,  including  the  benefits  and  costs  of  various 
alternative  approaches. 


».  THE  PARTIES  PARTICIPATING  IN  THE  SBSTA  AND  THE  AGBM  ARE  THE 
SAME. 
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8A.   IS  SBSTA  ORGANIZED  TO  PROVIDE  BY  NEXT  MARCH  "RELEVANT 
ADVICE"  TO  THE  AGBM  ABOUT  THE  SAR? 

Answer :   Yes.   At  the  February  1996  SBSTA  session, 
presentations  were  made  on  the  IPCC  SAR  to  the  SBSTA  --  a 
presentation  that  was  coordinated  by  the  SBSTA  co-chairs, 
but  offered  by  IPCC  lead  authors  and  Working  Group  chairs. 
A  copy  of  the  SBSTA  conclusions  with  respect  to  this  agenda 
item,  as  well  as  the  report  of  the  session  with  a  chairman's 
summary  of  the  discussion,  is  attached. 


8B.   THE  SECRETARIAT  WAS  REQUESTED  TO  PREPARE  A  DOCUMENT 
IDENTIFYING  ISSUES  AND  INPUT'S  FOR  SBSTA ' S  CONSIDERATIONS, 
INCLUDING  THOSE  RELEVANT  FOR  THE  AGBM.   WHAT  IS  THE  STATUS  OF 
THAT  DOCUMENT? 

Answer :   A  number  of  documents  were  circulated  by  the  FCCC 
Secretariat  prior  to  the  February  SBSTA  session;  this  was 
one  of  those  documents,  and  a  copy  is  attached. 


8C.   THE  US  ALSO  STATES  A  BELIEF  THAT  THERE  ARE  A  NUMBER  OF 
ISSUES  ARISING  FROM  THE  SAR  "THAT  WILL  NEED  TO  BE  FURTHER 
DEVELOPED  IN  ORDER  TO  BE  USEFUL  TO  THE  AGBM."   SINCE  THE  SAR  IS 
NOT  YET  FINAL,  SUCH  A  BELIEF  BY  THE  US  SEEMS  PREMATURE.   WHAT 
ARE  THOSE  ISSUES  AND  WHAT  IS  THE  BASIS  FOR  THIS  VIEW? 

Answer :   The  United  States  received,  as  did  each  government 
involved  in  the  IPCC  process,  advance  copies  of  the  texts  of 
the  SAR.   On  the  basis  of  these  texts  it  was  possible  to 
indicate  the  kinds  of  material  that  were  not  covered  —  even 
if  the  specific  language  was  changed  in  later  iterations  of 
the  report.   For  example,  IPCC  Working  Group  II  examines  the 
impacts  of  and  possible  response  options  to  climate  change. 
However,  the  report  speaks  in  general  terms  and  does  not 
attempt  to  provide  a  value  judgment  on  whether  certain 
measures  may  be  more  appropriately  undertaken  as  "common 
measures"  or  whether  they  may  be  adopted  unilaterally  for 
equal  effectiveness.   Should  the  FCCC  Parties  choose  to 
include  a  menu  of  measures  in  a  protocol  or  other  legal 
instrument,  the  need  for  such  information  may  prove  germane. 


9.  COP-1  APPROVED  A  CONVENTION  BUDGET  FOR  1996  AND  1997  OF 
OVER  $18.6  MILLION.  THE  SECRETARIAT  SAID  A  PORTION  OF  THAT 
BUDGET  WILL  BE  CONTRIBUTED  TO  THE  IPCC. 

9A.       WHAT  IS  THE  IPCC  BUDGET  FOR  1994  THROUGH  1997? 
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Answer :   A  copy  of  the  IPCC  budget  for  the  years  1996  and 
1997,  as  adopted  by  the  IPCC  at  its  11th  Plenary  Session  in 
Rome  in  December  1995,  is  attached.   A  copy  of  the  IPCC 
budget  for  the  years  1994  and  1995  is  also  attached. 


9B.   PLEASE  IDENTIFY  THE  AMOUNT  AND  SOURCE  OF  ALL  IPCC  FUNDS, 
ESPECIALLY  ANY  CONTRIBUTED  BY  THE  US  IN  THOSE  YEARS. 

Answer :   A  table  listing  all  contributions  to  the  IPCC, 
including  US  contributions,  for  the  years  1994  through  1995 
is  attached. 


9C.   WHAT  IS  THE  CONVENTION  CONTRIBUTION? 

Answer :   The  Convention  has  not  yet  contributed  any  funds  to 
the  IPCC.   The  Convention  budget  for  the  1996-97  biennium, 
adopted  by  the  Conference  of  the  Parties  at  its  First 
Session  in  Berlin  in  April  1995,  envisioned  a  contribution 
of  $310,000  annually  in  1996  and  1997  by  the  Convention  to 
the  IPCC  to  defray  the  cost  of  work  that  may  be  performed  by 
the  IPCC  for  the  Convention,  e.g.,  continuing  work  on 
methodologies  for  inventorying  greenhouse  gas  emissions,  and 
other  tasks  requested  of  the  IPCC  in  the  form  of  technical 
papers  during  the  SBSTA  and  AGBM  sessions  of  March/April 
1996. 


9D.   WHY  IS  THIS  CONVENTION  CONTRIBUTION  NEEDED? 

Answer :   Any  such  contribution  to  the  IPCC  by  the  convention 
would  be  to  help  meet  the  costs  to  the  IPCC  of  specific  work 
performed  on  behalf  of  the  Convention.   It  would  be  needed 
because  the  IPCC's  own  budget  for  its  scientific  and 
technical  assessment  activities  has  not  (prior  to  1996) 
envisioned  the  performance  of  specific  tasks  on  behalf  of 
the  Convention. 


10.   I  UNDERSTAND  THAT  THE  IPCC  CHAIRMAN  AND  THE  CHAIRMEN  OF 
THE  WORKING  GROUPS  MAY  SOON  LEAVE  THEIR  POSTS. 

lOA.   WHAT  IS  THEIR  TERM  AND  WHAT  IS  THE  PROCEDURE  FOR 
SELECTING  SUCCESSORS? 

Answer :   At  the  IPCC's  8th  Plenary  in  Harare  in  November 
1992,  the  IPCC  elected  its  Bureau  (including  the  IPCC  Chair 
and  the  Co-Chairs  of  the  three  IPCC  working  groups)  for  a 
three-year  term.   At  the  time,  however,  the  IPCC  also 
decided  that  its  Bureau  should  continue  to  serve  until  the 
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next  plenary  session,  if  the  three-year  term  ended  between 
such  sessions.   At  the  IPCC's  11th  Plenary  in  Rome  in 
December  1995,  the  Panel  decided  that  the  term  of  office  of 
the  current  IPCC  Bureau  should  be  extended  until  a  new 
Bureau  is  elected  in  time  to  prepare  for  and  complete  the 
IPCC  Third  Assessment  Report,  and  that  elections  for  a  new 
Bureau  should  be  held  no  later  than  1997.   It  is  anticipated 
that  the  election  of  a  new  IPCC  Chairman  will  take  place  at 
the  IPCC's  12th  Plenary  in  Geneva  in  September  1996;   a 
nine-member  Search  Committee  was  created  at  the  March  1996 
IPCC  Bureau  meeting  to  identify  a  new  IPCC  Chair,  with  the 
expectation  that  the  chair  will  take  office  at  the  IPCC's 
13th  Plenary  in  the  fall  of  1997.   The  Search  Committee  will 
consist  of  IPCC  Chair  Bert  Bolin  (Sweden),  UNEP  Executive 
Director  Liz  Dowdeswell,  WMO  Secretary  General  Patrick  Obasi 
and  six  regional  representatives  drawn  from  the  current  IPCC 
Bureau.   Members  of  the  IPCC  Bureau  are  elected  from  among 
candidates  proposed  by  national  governments;  voting  is 
normally  by  consensus. 

lOB.   WHO  ARE  THE  US  CANDIDATES? 

Answer :   The  current  U.S.  Co-Chair  of  the  IPCC's  Working 
Group  II  is  Dr.  Robert  Watson,  Associate  Director  for  the 
Environment,  in  the  White  House  Office  of  Science  and 
Technology  Policy. 


11.   ACCORDING  TO  COP  DECISION  6/  CP.l,  SBSTA  IS  TO  BE  THE  LINK 
BETWEEN  SCIENTIFIC,  TECHNICAL,  AND  TECHNOLOGICAL  ASSESSMENTS 
AND  THE  INFORMATION  PROVIDED  BY  COMPETENT  INTERNATIONAL  BODIES 
AND  THE  POLICY-ORIENTED  NEEDS  OF  THE  COP.   THE  FUNCTIONS  LISTED 
IN  ANNEX  I  OF  THE  COP  DECISION  RELATED  TO  SBSTA  SEEM  TO  BE 
EXTENSIVE  AND  MAYBE  OVERWHELMING. 

IIA.   HOW  WILL  SBSTA  CARRY  OUT  THOSE  FUNCTIONS  AND  IN  WHAT 
TIMEFRAME? 

IIB.   WHAT  ARE  THE  PRIORITIES? 

Answer  (11a,  b)  :   In  undertaking  its  work,  the  SBSTA  can 
rely  on  several  existing  national  and  international 
organizations  and  intergovernmental  bodies,  including  the 
IPCC  and  the  FCCC  Secretariat.   For  example,  in  the 
presentations  of  the  IPCC  SAR,  it  is  anticipated  that  a 
member  or  members  of  the  IPCC  Bureau  will  make  the  report. 
These  bodies  can,  in  turn,  rely  on  experts  seconded  from 
governments  to  undertake  those  tasks  deemed  essential  by  the 
Parties.   While  the  timeframe  and  work  load  is  ambitious, 
the  SBSTA  --  and  the  governments  which  comprise  that  body  — 
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agree  that  the  tasks  before  them  are  of  sufficient  urgency  . 
to  warrant  immediate  action.   Ultimately,  it  will  be  Parties 
to  the  Convention  which  will  determine  the  priorities  for 
the  work  program  of  the  SBSTA  —  and  which  will  second 
experts  as  necessary  to  assure  the  work  program  is 
completed.   The  conclusions  from  the  second  session  of  the 
SBSTA  indicate  the  priorities  to  which  Parties  have  agreed, 
and  list  tasks  (including  work  products  and  timeframes  for 
delivery)  that  have  been  requested  of  the  IPCC,  of  the  FCCC 
Secretariat,  and  those  which  require  input  directly  from 
Parties. 


lie.   THE  US  SAID  REVIEW  OF  NATIONAL  COMMUNICATIONS  IS  THE 
HIGHEST  PRIORITY.   DOES  SBSTA  AGREE? 

Answer :   The  SBSTA,  in  its  workplan,  includes  these  reviews 
among  its  top  priorities. 


IID.   WHAT  IS  THE  TIMETABLE  FOR  THAT  NATIONAL  COMMUNICATIONS 
REVIEW? 

Answer :   The  review  of  national  communications  is  proceeding 
in  two  parts:   the  first  part,  which  was  completed  last 
year,  was  a  comparative  review  of  all  national  communication 
submitted  up  to  that  time  (a  copy  is  attached);  an  update, 
containing  additional  material  on  communications  submitted 
since  that  time,  will  be  available  at  COP  2.   The  second 
part  is  a  series  of  in-depth  reviews  of  each  national 
communication,  and  includes  country  visits  to  document 
material  that  undergirds  individual  reports.   The  U.S. 
in-depth  review  was  initiated  in  the  Spring  of  1995  and 
completed  in  the  Fall  of  1995.   A  copy  of  the  final  text  is 
attached.   As  of  the  March  FCCC  Subsidiary  Body  meetings, 
the  FCCC  Secretariat  had  completed  5  in-depth  reviews. 


12.    THE  COP  AUTHORIZED  SBSTA  TO  ESTABLISH  (WITH  SUBSEQUENT 
COP  APPROVAL)  TWO  INTERGOVERNMENTAL  TECHNICAL  ADVISORY  PANELS 
TO  PROVIDE  ADVICE  ON  TECHNOLOGIES  AND  METHODOLOGIES.   THE  US 
AUGUST  STATEMENT  IN  GENEVA  SAID  THAT  IT  WAS  "CRITICAL"  THAT  THE 
TECHNICAL  ADVISORY  PANEL  ON  METHODOLOGIES  BE  ESTABLISHED  "AS 
SOON  AS  POSSIBLE"  AND  THAT  IT  COULD  CONSIST  OF  20  EXPERTS.   AT 
THE  SAME  TIME,  THE  US  SAID  THE  ADVISORY  PANEL  ON  TECHNOLOGIES 
WAS  NOT  AS  URGENT.   THE  US  SAID  IT  SHOULD  HAVE  A  STEERING  GROUP 
OF  ONLY  10  SUCH  EXPERTS,  PLUS  A  SUBSTRUCTURE  OF  EXPERTS. 

12A.   PLEASE  EXPLAIN  THE  US  IDEAS  FOR  THZ  ACTIVITIES  AND 
PURPOSE  OF  EACH  OF  THESE  PANELS  IN  THE  AGBM  PROCESS  AND  THE 
LONG  TERM. 
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Answer :   We  have  urged  that  these  panels  not  be  established 
in  response  to  the  short  terms  needs  of  the  AGBM,  but  rather 
that  they  should  be  established  to  respond  to  the  longer 
term  needs  of  the  convention  for  technical  advice  in  the 
development  and  use  of  various  methodologies  and  for  similar 
technical  advice  with  respect  to  the  long  term  potential  of 
a  broad  spectrum  of  technologies  for  reducing  greenhouse  gas 
emissions.   At  the  sessions  of  the  Subsidiary  Bodies  in 
March  of  1996,  no  agreement  was  reached  on  the  establishment 
of  the  Technical  Advisory  Panels.   At  the  session,  Parties 
agreed  to  submit  information  on  what  areas  of  expertise  the 
panels  should  include,  but  not  to  provide  information  on  the 
names  of  experts  or  additional  ideas  on  the  structure  of  the 
bodies.   The  issue  will  be  taken  up  for  further 
consideration  at  the  next  sessions  of  the  SBSTA  in  July  1996, 


12B.   WHAT  IS  THE  BASIS  FOR  YOUR  SUGGESTION  OF  THE  NUMBER  OF 
EXPERTS  FOR  EACH  PANEL? 

Answer :   When  the  U.S.  delegation  made  its  August  statement, 
it  believed  that  the  work  of  the  panel  on  methodologies 
could  be  undertaken  by  a  certain  number  of  experts  appointed 
to  serve  on  the  panel,  and  that  such  experts  could  largely 
deal  with  methodological  issues  among  themselves,  without 
recourse  to  the  advice  of  a  broader  number  of  outside 
experts.   The  U.S.  delegation  accordingly  proposed  that  20 
experts  be  appointed  to  this  panel,  believing  that  this 
would  be  large  enough  to  accommodate  the  various  kinds  of 
expertise  needed  and  to  find  an  appropriate  balance  of 
regional  interests  among  the  Parties,  yet  small  enough  to 
function  efficiently.   On  the  other  hand,  the  U.S. 
delegation  believed  that  the  work  of  the  panel  on 
technologies  would  be  considerably  broader  and  would  need  to 
involve  a  large  number  of  outside  experts.   Accordingly,  the 
U.S.  delegation  proposed  that  only  10  experts  be  appointed 
to  this  panel,  believing  that  10  members  would  be  sufficient 
to  find  an  appropriate  balance  of  regional  interests  among 
the  Parties  and  to  function  efficiently,  but  too  small 
actually  to  perform  its  tasks  without  recourse  to  a  broader 
substructure  of  technical  experts.   In  other  words,  by 
proposing  a  smaller  panel  on  technologies,  the  U.S. 
delegation  hoped  to  ensure  appropriate  recourse  to  a  broader 
spectrum  of  outside  technical  experts.   The  issue  remains 
unresolved  in  the  SBSTA,  and  will  be  further  considered  at 
the  next  session  in  July  1996 


12C.   HOW  DO  THE  NUMBERS  AFFECT  THE  ABILITY  OF  THE  US  TO  HAVE 
ONE  OR  MORE  SEATS  ON  EACH  PANEL? 
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Answer :   If  two  panels  are  established,  and  if  each  panel 
numbers  between  10  and  20  members,  it  is  likely  that  the 
United  States,  which  is  currently  one  of  148  Parties  to  the 
convention,  would  be  able  to  name  at  least  one  expert  to  one 
of  the  two  panels. 


12D.   THE  US  SAID  THAT  EXPERTS  SHOULD  BE  NOMINATED  BY 
GOVERNMENTS,  BUT  THEY  COULD  COME  FROM  INSIDE  OR  OUTSIDE  THE 
GOVERNMENT.   AS  YOU  KNOW,  "EXPERTS"  OFTEN  HAVE  DIFFERENT  POINTS 
OF  VIEW  ON  "SCIENTIFIC",  "TECHNICAL",  OR  "ECONOMIC"  ISSUES,  AND 
MOST  HAVE  POLICY  PREFERENCES. 

12D(i)   WHAT  IS  THE  DEFINITION  OF  AN  "EXPERT"  FOR  THE  PANELS 
AND  ANY  SUBSTRUCTURE? 

Answer ;  An  expert  would  bring  specific  technical  skills, 
knowledge  and  experience  to  the  work  of  the  panel  and  any 
substructure. 

12D(ii)   WHAT  CRITERIA  WOULD  BE  USED  BY  THE  US  IN  SELECTIlic 
SUCH  EXPERTS  TO  ENSURE  THAT  THEY  ARE  QUALIFIED,  TO  ENSURE  A 
BALANCE  OF  VIEWS  ON  ISSUES  AND  POLICIES,  AND  TO  AVOID  POTENTIAL 
CONFLICT  OF  INTEREST  PROBLEMS? 

Answer:   To  establish  their  qualifications,  we  would 
consider  the  background  (academic  and  work-related)  of 
candidates;  to  establish  points  of  view,  we  would  consider 
their  reputations  among  their  peers;  to  avoid  conflicts  of 
interest,  we  would  inform  interested  candidates  of  their 
responsibilities  if  selected;  and  urge  them  to  consider  any 
potential  conflicts  when  allowing  their  names  to  be  put 
forward. 


12D(iii)  WHAT  IS,  IN  YOUR  VIEW,  THE  FUNCTION  OF  THE 
SUBSTRUCTURE  PANELS? 

Answer :   A  substructure  under  the  panel  on  technologies 
would  enable  the  panel  itself  to  serve  as  a  kind  of  steering 
group,  while  providing  it  the  ability  to  consult  a 
necessarily  broad  spectrum  of  experts  with  specific 
knowledge  of  technologies  in  particular  fields  of  endeavor. 


12D(iv)   WHAT  IS  YOUR  VIEW  OF  THE  SUBSTRUCTURE,  THE  NUMBER  OF 
fCXPERTS  REQUIRED,  AND  THE  CRITERIA  FOR  SELECTION? 

Answer :   Whether  a  specific  substructure  is  established  or 
not,  it  is  likely  that  the  panel  on  technologies  will  need 
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to  consult  a  very  large  number  of  experts  across  many 
sectors.   We  would  rather  not  restrict  the  number  of  experts 
whose  advice  is  sought  with  respect  to  technologies  in  any 
particular  sector;  instead,  we  would  like  to  encourage  as 
many  experts  as  possible  to  participate  in  the  work  of  the 
convention.   The  criteria  for  selection  should  be  "proven 
technical  expertise",  as  well  as  willingness  and  ability  to 
serve . 


13.   AN  INSIDE  EPA  ARTICLE  OF  SEPTEMBER  29,  1995  QUOTES  AN 
ENVIRONMENTALIST  AS  SAYING  THAT  "GLOBAL  WARMING  WILL  CONTINUE 
UNTIL  LESS  DEVELOPED  COUNTRIES  ALSO  TAKE  STEPS  TO  REDUCE 
GREENHOUSE  GAS  EMISSIONS."   HOWEVER,  THE  BERLIN  MANDATE  DOES 
NOT  ADDRESS  THE  EXPECTED  GROWTH  IN  GREENHOUSE  GASES  FROM  THESE 
COUNTRIES.   IT  MERELY  REAFFIRMS  THAT  THESE  COUNTRIES  ARE 
OBLIGATED  TO  CARRY  OUT  COMMITMENTS  THEY  PLEDGED  TO  IMPLEMENT 
WHEN  THEY  RATIFIED  THE  CONVENTION,  WHILE  EXPRESSLY  STATING  THAT 
THE  AGBM  PROCESS  MAY  NOT  INTRODUCE  ANY  NEW  COMMITMENTS  FOR 
DEVELOPING  COUNTRIES. 

13A.   WHY  DID  THE  US  AGREE  TO  AN  AGBM  PROCESS  THAT  FAILS  TO 
PROVIDE  FOR  DISCUSSION  AND  NEGOTIATION  OF  NEW  COMMITMENTS  AT 
ANY  TIME  BY  DEVELOPING  COUNTRIES  TO  DEAL  WITH  THIS  GROWTH? 

Answer :   The  AGBM  process  is  designed  to  produce  a  next  step 
under  the  convention  that  will  lead  to  progress  toward  its 
ultimate  objective;  reaching  that  objective  is  likely  to 
require  quite  a  number  of  steps  over  time.   Under  the 
present  convention,  developing  countries  have  at  least  three 
years  longer  to  produce  their  first  national  communications 
concerning  the  actions  that  they  are  taking  to  mitigate  and 
adapt  to  climate  change  than  developed  countries.   The 
earliest  of  these  developing  country  communications  will 
thus  not  be  available  until  1997.   On  the  other  hand,  the 
initial  "aim"  accepted  by  developed  countries  in  Article 
4.2(a)  and  (b)  extends  only  to  the  year  2000,  and  these 
countries,  in  particular,  which  now  account  for  nearly  60 
percent  of  current  global  emissions  of  greenhouse  gases, 
believed  it  was  necessary  to  begin  considering  how  to  deal 
with  their  own  emissions  in  the  years  post  2000.   Finally, 
the  language  of  the  Berlin  Mandate  indicates  that  developing 
countries  must  continue  to  advance  the  implementation  of 
their  commitments.   Inasmuch  as  these  commitments  include 
obligations  to  take  policies  and  measures,  to  report  on 
actions  and  to  take  climate  change  considerations  into 
account,  where  feasible,  in  their  relevant  social,  economic 
and  environmental  policies  and  actions,  the  United  States 
assumes  that  significant  advances  will  be  made  by  all 
Parties  —  including  developing  country  Parties  --  in  next 
steps  . 
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13B.   WHAT  STEPS,  IF  ANY,  ARE  THE  DEVELOPING  COUNTRIES 
COMMITTED  TO  TAKE  UNDER  THE  CONVENTION  TO  REDUCE  EMISSIONS  AND 
IN  WHAT  TIMEFRAME? 

Answer :   Developing  countries,  like  all  countries  that  are 
party  to  the  convention,  are  committed  to  taking  all  of  the 
actions  envisioned  by  Article  4.1  of  the  convention.   In 
addition,  developing  countries  are  also  committed  to  taking 
the  actions  envisioned  by  Article  12.1  of  the  convention.  (A 
copy  of  each  is  attached.) 


13C.   ARE  THOSE  COMMITMENTS  CONTINGENT  UNDER  THE  CONVENTION  ON 
ANNEX  I  COUNTRIES  PROVIDING  MONEY  AND  TECHNOLOGIES  AS 
DEVELOPING  COUNTRIES  SEEM  TO  CONTEND? 

Answer :   Article  4.7  of  the  convention  provides,  "The  extent 
to  which  developing  country  Parties  will  effectively 
implement  their  commitments  under  the  Convention  will  depend 
on  the  effective  implementation  by  developed  country  Parties 
of  their  commitments  under  the  Convention  related  to 
financial  resources  and  transfer  of  technology  and  will  take 
fully  into  account  that  economic  and  social  development  and 
poverty  eradication  are  the  first  and  overriding  priorities 
of  the  developing  country  Parties."   The  United  States 
regards  Article  4.7  as  a  statement  of  fact,  not  as  a 
condition  precedent. 


13D.  WHAT  SPECIFIC  DECISION  SHOULD  THE  AGBM  TAKE  THAT  WOULD 
RESULT  IN  ADVANCING  THE  IMPLEMENTATION  OF  DEVELOPING  COUNTRY 
COMMITMENTS? 

Answer:   This  issue  is  under  active  consideration  within  the 
AGBM.   A  copy  of  the  U.S.  intervention  on  this  issue  from 
AGBM-3  in  Geneva  in  March  1996  is  attached;  it  provides  our 
most  recent  position  on  this  issue. 


13E.   PLEASE  PROVIDE  A  TABLE  IN  MILLION  METRIC  TONS  COMPARING 
ESTIMATES  IN  VffllCH  THE  US  HAS  CONFIDENCE,  BASED  ON  ENERGY 
INFORMATION  ADMINISTRATION  AND  OTHER  REPORTS,  OF  TOTAL  WORLD 
GREENHOUSE  GAS  EMISSIONS  WITH  EMISSIONS  FROM  THE  FORMER  SOVIET 
BLOC,  THE  US,  AND  OTHER  OECD  COUNTRIES,  CHINA,  INDIA,  AND  OTHER 
DEVELOPING  NATIONS  FOR  THE  YEARS  1990,  2000,  2005,  2010,  2025 
AND  2100. 

Answer :   Numerous  estimates  or  scenarios  of  future  emissions 
of  greenhouse  gases  over  various  time  horizons  have  been 
developed  in  recent  years.   while  many  of  these  estimates 
have  provided  important  insights  to  those  concerned  with  the 
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threat  of  climate  change,  the  phrase  "estimates  in  which  the 
U.S.  has  confidence"  is  open  to  varying  interpretations. 

All  estimates  of  future  emissions  depend  upon  a  series  of 
assumptions.   For  example,  future  energy  related  emissions 
will  be  influenced  by  overall  economic  growth,  energy  price 
trends,  technology  developments,  and  future  behavior.   Our 
past  experience  with  energy  forecasts  shows  that  these 
drivers  are  difficult  to  predict  over  decades,  let  alone  a 
over  a  century.   No  forecast  or  scenario  can  be  viewed  as 
being  dependable  in  the  sense  that  all  of  the  key 
assumptions  made  will  be  replicated  as  the  future  unfolds. 
The  IPCC  1992  scenarios  provide  a  reasonable  illustration  of 
the  wide  range  of  possible  long-run  futures  for  greenhouse 
gas  emissions  under  business  as  usual  conditions.   The  very 
wide  ranges  (for  example,  scenarios  for  emissions  in  2100 
differ  by  a  factor  of  6)  are  similar  to  those  identified  in 
independent  academic  studies  of  emissions  uncertainty,  such 
as  Nordhaus  and  Yohe  and  Edmonds  at  al-   The  IPCC  1992 
scenarios  suggest  that  the  developing  countries,  most 
notably  China  and  India,  will  dominate  both  emissions  and 
total  contributions  to  enhanced  radiative  forcing  over  the 
next  century. 

The  long  run  focus  of  the  1992  scenarios  is  complemented 
by  short-  to  medium-run  estimates  of  energy  related 
greenhouse  gas  emissions.   Such  estimates  are  implicit  in 
the  energy  forecasts  and  scenarios  produced  by  private  and 
governmental  forecasters.   The  U.S.  delegation  presentation 
made  at  the  second  meeting  of  the  (Ad-hoc  Group  on  the 
Berlin  Mandate)  AGBM  on  October  30,  1995,  reviewed  a  variety 
of  forecasts,  scenarios  and  projections  (a  copy  of  the  U.S. 
AGBM  presentation  and  the  1992  scenario  tables  are  attached 
for  your  information).   While  forecasts  differ  among 
themselves,  the  review  suggested  several  conclusions. 

World  emissions  are  projected  to  rise,  with  emissions  in 
the  developing  world  growing  fastest,  emissions  in  the  OECD 
growing  moderately,  and  emissions  in  the  former  Soviet  Union 
(FSU)  and  Eastern  European  countries  transitioning  to  a 
market  economy  remaining  below  the  1990  level  through  2000 
and  possibly  through  2010. 

Within  the  OECD,  emissions  are  projected  to  grow  more 
rapidly  in  the  Pacific  and  in  North  America  than  in  Europe 
from  the  present  to  2010  or  2020. 

14     A  STATEMENT  OF  THE  US  DELEGATION  IN  GENEVA  IN  AUGUST 
NOTED  THAT  THE  AGBM  REQUESTED  FOR  ITS  MARCH  19  9  6  SESSION  THAT 
SBSTA  PROVIDE  A  REPORT  ON  "  INNOVATIVE,  EFFICIENT 
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STATE-OF-THE-ART  TECHNOLOGIES  AND  KNOW-HOW  THAT  COULD  ADVANCE 
THE  IMPLEMENTATION  OF  THE  BERLIN  MANDATE"  AND  SUGGESTED  THAT 
SUCH  AN  INVENTORY  SHOULD  BE  PREPARED  BY  THE  SECRETARIAT. 

14A.   WAS  THAT  SUGGESTION  ADOPTED? 

Answer:   Yes.   For  the  SBSTA's  February  session,  the  FCCC 
Secretariat  prepared  a  first  draft  of  such  a  document  -- 
which  essentially  tracks  a  request  made  in  a  decision  of  the 
first  Conference  of  the  Parties  to  the  FCCC  in  Berlin,  in 
March  1995.   A  copy  is  attached  for  your  reference. 


14B.   WHAT  IS  THE  CAPABILITY  OF  EITHER  ORGANIZATION  TO  PROVIDE 
SUCH  A  REPORT  OR  INVENTORY  FOR  NEXT  MARCH  OR  ANYTIME  NEXT  YEAR? 

Answer :   The  report  is  limited  by  the  material  the 
Secretariat  had  available  —  which  includes  extensive 
documentation  on  technologies  from  the  IPCC  (in  its  working 
Group  II),  as  well  as  individual  submissions  by  countries, 
including  those  in  national  communications.   It  is  expected 
that  updates  to  this  document  and  to  its  underlying  database 
will  be  regularly  provided  . 


14C.   HOW  WOULD  EITHER  ORGANIZATION  DECIDE  WHETHER  SUCH 
TECHNOLOGIES  OR  KNOW-HOW  ARE  EITHER  INNOVATIVE  OR  EFFICIENT  OR 
THAT  THEY  COULD  ADVANCE  IMPLEMENTATION  OF  THE  MANDATE? 

Answer :   Clearly,  the  concepts  of  "innovativeness"  or 
"efficiency"  are  relative  terms.   However,  it  is  possible  to 
set  some  parameters  within  the  broad  range  of  options,  and 
state  whether  an  individual  technology  is  more  or  less 
efficient  than  the  average  technology  considered. 
Furthermore,  almost  all  options  that  reduce  emissions  of 
greenhouse  gases  —  even  if  the  option  is  not  necessarily 
applicable  to  all  parties  —  may  be  used  in  fulfillment  of 
the  Berlin  Mandate. 


14D.   JUST  AS  IMPORTANT,  IS  THE  COST,  COST-EFFECTIVENESS, 
MARKETABILITY,  AND  USEFULNESS  OF  SUCH  TECHNOLOGIES  OR  KNOW-HOW, 
BUT  THOSE  CRITERIA  DO  NOT  APPEAR  TO  BE  PART  OF  THE  AGBM  OR  US 
CRITERIA.   WHY  NOT? 

Answer :   The  United  States  fully  supports  the  notion  that 
cost-effectiveness  and  cost  must  be  considered  as  we 
consider  technologies  and  know-how  alternatives.   In  fact, 
these  items  are  enshrined  in  the  principles  in  the 
convention  itself  —  placed  there  at  U.S.  urging. 
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15.    THE  SCHEDULE  OF  THE  AGBM  SEEMS  TO  BE  VERY  TIGHT  AND  THE 
NUMBER  OF  SESSIONS  SEEM  FEW.   AS  NOTED  IN  QUESTION  5  ABOVE, 
THERE  ARE  ONLY  FIVE  WEEKS  AVAILABLE  BETWEEN  OCTOBER  1995  AND 
MARCH  1997  FOR  THE  AGBM  TO  PICK  A  LEGAL  INSTRUMENT  AND 
NEGOTIATE  ITS  CONTENT.   PART  OF  THE  OCTOBER,  1995  SESSION  WILL 
BE  DEVOTED  TO  ARTICLE  13  MATTERS.   THE  LAST  SESSION  IS 
SCHEDULED  FOR  MARCH  10,  1997.   I  UNDERSTAND  THAT  THE  US 
SUGGESTED  A  SEVENTH  MEETING,  BUT  MET  OPPOSITION  FROM  THE 
SECRETARIAT  FOR  BUDGET  REASONS,  AND  THAT  THE  ORIGIN  OF  THE  1997 
DEADLINE  APPARENTLY  STEMS  FROM  THE  US. 

15A:   DID  THE  US,  IN  URGING  THE  1997  DEADLINE,  CONTEMPLATE  THAT 
ONLY  FIVE  SEPARATE  WEEKS  WOULD  BE  PROVIDED  FOR  THIS  EFFORT? 

Answer :   While  the  United  States  was  not  the  originator  of 
the  1997  deadline,  we  are  not  opposed  to  moving  forward  on 
this  critical  problem  in  this  timeframe.   Clearly,  the 
extent  of  agreement  on  actions  may  be  constrained  by  the 
limited  time  available  in  formal  sessions.   We  note, 
however,  that  the  intersessional  period  is  also  productive, 
and  provides  an  opportunity  for  critical  analyses  of  various 
options  and  alternatives  that  Parties  may  propose. 
Furthermore,  we  note  that  the  Framework  Convention  itself 
was  negotiated  in  about  sixteen  months  in  six  two-week 
negotiating  sessions. 


15B.   DOES  THE  US  EXPECT  THAT  COP-2  WILL  BE  UTILIZED  TO  FURTHER 
THE  AGBM  PROCESS? 

Answer :   Yes,  the  United  States  expects  that  C0P2  will  be 
used  to  further  the  AGBM  process.   COP-2  has  been  scheduled 
for  July  8-19,  1996  in  Geneva,  Switzerland;  it  is 
anticipated  that  a  Zimbabwean  will  succeed  Germany  as 
president  of  the  COP  at  that  session. 


16A.   WHAT  CONSIDERATION  HAVE  YOU  GIVEN  TO  THE  TYPE  OF 
INSTRUMENT  THAT  SHOULD  BE  REPORTED  BY  THE  AGBM? 

Answer :   We  have  given  considerable  thought  to  the  various 
options  for  the  type  of  instrument  that  might  emerge  from 
the  AGBM  process.   At  this  point,  we  have  not  foreclosed 
options  as  among  possible  legal  instruments  (with  the 
exception  of  an  annex,  for  the  reasons  described  below).   As 
may  be  recalled,  it  was  the  United  States  that  insisted  that 
the  Berlin  Mandate  leave  open  the  question  whether  the 
process  should  lead  to  a  protocol  or  other  type  of  legal 
instrument . 


16B.   WHAT  INSTRUMENTS  OTHER  THAN  A  PROTOCOL,  AN  ANNEX,  OR 
AMENDMENT  TO  THE  CONVENTION  ARE  AVAILABLE? 
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Answer:   The  two  basic  possibilities  provided  for  in  the 
Convention  are  a  protocol,  pursuant  to  Article  17,  or  an 
amendment,  pursuant  to  Article  15.   In  our  view,  an  "annex" 
is  not  likely  to  be  an  appropriate  option,  as  an  annex  must, 
according  to  Article  16(1)  of  the  Convention,  be  restricted 
to  "lists,  forms  and  any  other  material  of  a  descriptive 
nature  that  is  of  a  scientific,  technical,  procedural  or 
administrative  character."   However,  a  protocol  an  amendment 
may  include  one  or  more  annexes. 

16C.   WHAT  ARE  THE  ADVANTAGES  AND  DISADVANTAGES  OF  EACH? 

Answer :   Without  coming  to  a  conclusion  at  this  stage 
whether  these  features  are  advantages  or  disadvantages,  we 
can  note  various  different  features  as  between  a  protocol 
and  an  amendment.   For  example: 

•  The  number  of  Parties  required  to  adopt  a  protocol  is 
still  to  be  determined  in  the  context  of  the  rules  of 
procedure  of  the  Convention's  Conference  of  the  Parties; 
the  number  of  parties  required  to  adopt  an  amendment  is 
already  set  forth  in  Article  15  of  the  Convention; 
specifically,  if  all  efforts  at  consensus  fail, 
three-fourths  majority  of  the  Parties  to  the  Convention 
present  and  voting. 

•  The  number  of  Parties  required  to  ratify  a  protocol  in 
order  for  it  to  enter  into  force  is  still  to  be 
determined,  in  the  context  of  the  negotiation  of  the 
protocol;  the  number  of  Parties  required  to  accept  an 
amendment  for  it  to  enter  into  force  is  already  set  forth 
in  Article  15  of  the  Convention,  namely  three-fourths  of 
the  Parties  to  the  Convention. 


16D.   DO  YOU  OPPOSE  ANY  SPECIFIC  INSTRUMENT? 

Answer :   No,  we  wish  however  first  to  consider  the 
substantive  commitment  that  the  Parties  will  undertake 
before  considering  the  most  appropriate  legal  instrument  in 
which  to  reflect  them. 


16E.   WHICH  INSTRUMENT  DO  YOU  PREFER? 

Answer :   As  noted  above,  we  have  not  foreclosed  options  as 
between  a  protocol  and  an  amendment.   We  believe  it  would  be 
premature  to  do  so  at  such  an  early  stage. 
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16F.   SHOULD  ANY  INSTRUMENT  INCLUDE  TRADE  SANCTIONS,  OTHER 
ENFORCEMENT  MECHANISMS,  OR  NON-COMPLIANCE  PROVISIONS,  AS  WELL 
AS  MONITORING  MECHANISMS?   PLEASE  DESCRIBE  YOUR  THINKING  ABOUT 
THEM. 

Answer :   In  general,  we  believe  that  international 
environmental  agreements  should  contain  mechanisms  to 
promote  compliance.   In  negotiating  agreements,  the  United 
States  works  hard  to  ensure  that  it  will  be  able  to  comply 
with  the  negotiated  provisions.   We  therefore  have  a  strong 
interest  in  ensuring  that  other  countries  are  similarly 
complying  with  the  obligations  they  have  undertaken.   To 
this  end,  we  have  supported  dispute  settlement  provisions 
and  specific  enforcement  procedures  in  a  variety  of 
environmental  agreements  to  which  the  United  States  is  a 
party. 

At  the  same  time,  there  is  an  obvious  linkage  between  the 
substantive  provisions  in  an  agreement  and  any 
enforcement/compliance  provisions.   (For  example,  countries 
are  understandably  reluctant  to  subject  ambiguous  or  vague 
obligations  to  stringent  dispute  settlement) .   It  is 
therefore  difficult  to  say,  without  yet  knowing  what  kind  of 
substantive  commitments  will  be  included  in  the  legal 
instrument,  whether  or  what  kind  of  enforcement/compliance 
provisions  would  be  appropriate. 


17.   THE  PROCEDURES  FOR  ADOPTION  OF  EACH  OF  THE  INSTRUMENTS  ARE 
SET  FORTH  IN  ARTICLES  15-17  OF  THE  CONVENTION.   IN  THE  CASE  OF 
A  PROTOCOL  OR  AN  AMENDMENT,  THEY  MUST  BE  COMMUNICATED  TO  THE 
PARTIES  AT  LEAST  SIX  MONTH  BEFORE  ADOPTION  BY  THE  COP.   THE  SIX 
MONTHS  ALLOWS  TIME  FOR  GOVERNMENTS  AND  THE  PUBLIC  TO  REVIEW  THE 
INSTRUMENT.   THE  AGBM  SCHEDULE  DOES  NOT  INDICATE  WHEN  COP-3 
WILL  MEET.   I  UNDERSTAND  THAT  JAPAN  MAY  WANT  TO  HOST  THE  THIRD 
MEETING  OF  THE  COP  AS  EARLY  AS  JUNE  1997.   HOWEVER,  IF  IT  IS  IN 
JUNE  1997,  THE  SIX-MONTH  PERIOD  WOULD  NOT  BE  AVAILABLE.   IF  IT 
IS  LATER  AND  THERE  IS  A  SEVENTH  AGBM  MEETING  AS  THE  US  URGED, 
THE  SIX-MONTH  WAITING  PERIOD  WOULD  BE  ALSO  AFFECTED. 
REPORTEDLY,  SOME  IN  THE  US,  PARTICULARLY  THE  STATE  DEPARTMENT, 
THINK  THERE  ARE  WAYS  TO  CIRCUMVENT  THIS  SIX-MONTH  PERIOD. 
PLEASE  EXPLAIN  THEM  AND  EXPLAIN  WHY  THE  STATE  DEPARTMENT  WOULD 
CONSIDER  SUGGESTING  THAT  NOT  COMPLYING  WITH  THAT  SPECIFIED 
PERIOD  IS  GOOD  POLICY  AND  A  SOUND  PRECEDENT. 

Answer :   The  Administration  believes  that  such  notice 
provisions  are  extremely  important  and  has  no  intention  of 
"circumventing"  or  "not  complying"  with  the  term.s  of  the 
Convention.   The  treaty  (both  in  Article  15,  with  respect  to 
amendments,  and  Article  17,  with  respect  to  protocols) 
requires  that  the  text  of  any  proposed  legal  instrument  be 
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circulated  six  months  before  the  session  at  which  it  is 
proposed  for  adoption.   This  cannot  ensure  that  the  text 
will  be  acceptable  to  all  Parties  and  that  the  Conference 
will  not  negotiate  changes  in  the  language.   The  test  that 
the  United  States  (and  others)  have  applied  with  respect  to 
such  provisions,  such  as  that  appearing  in  the  1987  Montreal 
Protocol  on  Substances  That  Deplete  the  Ozone  Layer,  is  one 
of  reasonableness  and  germaneness;  i.e..  whether  Parties  are 
reasonably  on  notice  of  the  proposals  being  made  and  issues 
being  raised.   Thus,  the  position  that  the  United  States 
takes  concerning  when  the  legal  instrument  emerging  from  the 
AGBM  can  be  adopted  will  depend  on  its  ultimate  content  and 
the  extent  to  which  that  content  is  related  to  proposals 
made  six  months  prior. 


18.   THE  REPORT  OF  THE  AUGUST  MEETING  OF  THE  AGBM  OBSERVES  THAT 
THERE  IS  A  REQUIREMENT  FOR  A  COMPREHENSIVE,  FOCUSED  ON 
PRIORITIES,  AND  OPEN  AND  TRANSPARENT  ANALYSIS  AND  ASSESSMENT  TO 
ASSIST,  IN  AN  ITERATIVE  MANNER,  THE  NEGOTIATION  OF  A  PROTOCOL 
OR  OTHER  LEGAL  INSTRUMENT.   COMPLETION  DATES  FOR  THIS  ACTIVITY 
WILL  BE  DECIDED  AT  THE  AGBM'S  SECOND  SESSION.   THE  AGBM 
SCHEDULE  APPEARS  TO  PRECLUDE  ANYTHING  OTHER  THAN  A  RATHER 
CURSORY  ANALYSIS  AND  ASSESSMENT,  LARGELY  DEPENDENT  ON  THE  IPCC 
SAR,  INPUTS  FROM  PARTIES,  AND  THE  WORK  OF  VARIOUS 
INTERGOVERNMENTAL  ORGANIZATIONS. 

18A.   DO  YOU  CONCUR? 

Answer :   No.   We  would  not  characterize  analysis  and 
assessment  (A/A)  activities  as  "cursory."   While  additional 
time  and  resources  would  always  be  welcomed,  the 
Administration  believes  that  planned  A/A  activities  will 
adequately  support  U.S.  negotiating  requirements.   In  fact, 
the  U.S.  is  better  situated  than  nearly  all  other  Parties  to 
plan,  execute,  and  interpret  analyses  that  will  further 
efforts  to  frame  commitments  that  are  both  cost-effective 
and  do  not  disadvantage  U.S.  economic  interests.   U.S.  A/A 
inputs  are  being  coordinated  through  an  interagency  analysis 
group,  which  is  planning  to  draw  heavily  on  the  expertise  of 
academicians  and  other  non-governmental  analysts  as  well  as 
internal  resources.   The  A/A  agenda  will  evolve  as  dictated 
by  developments  and  opportunities  that  arise  during  the  AGBM 
meetings. 


18B.   WILL  THE  ASSESSMENT  AND  ANALYSIS  EXAMINE  THE  ECONOMIC 
IMPACTS  OF  ALL  PROPOSALS  FOP  A  PROTOCOL,  THE  TRADE,  JOB, 
COMPETITIVE,  AND  ECONOMIC  IMPACTS  OF  NEW  COMMITMENTS  BY  ANNEX  I 
COUNTRIES  ON  THOSE  COUNTRIES,  INCLUDING  THE  US,  AND  THE  IMPACT 
OF  SUCH  COMMITMENTS  ON  DEVELOPING  COUNTRIES? 
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Answer :   Yes. 


18C.   HOW  WILL  THE  ANALYSIS  AND  ASSESSMENTS  BE  CARRIED  OUT,  AND 
WHO  WILL  CARRY  IT  OUT? 

Answer :   A  diverse  set  of  tools  and  models  will  be  used  to 
carry  out  the  analysis  and  assessment.   For  example, 
international  macroeconomic  and  energy  models  will  be  used 
to  simulate  the  effects  of  proposals  for  a  protocol  on 
interest  rate,  exchange  rate,  trade,  job  and 

competitiveness.   Domestic  macroeconomic  models  will  also  be 
employed.   Engineering/economics  models  may  also  be  used  to 
simulate  the  effects  of  proposals  related  to  energy 
efficiency  technologies  on  energy  consumption  and  carbon 
emissions . 

As  indicated  above,  the  U.S.  contribution  to  these 
activities  will  be  coordinated  by  an  interagency  team  that 
will  draw  on  both  internal  and  external  analytical 
resources.   Participating  agencies  include  the  Council  of 
Economic  Advisors,  the  Council  of  Environmental  Quality,  The 
U.S.  Trade  Representative's  Office  and  Office  of  Management 
and  Budget,  the  Department  of  Energy,  the  Environmental 
Protection  Agency,  the  Department  of  Treasury,  the 
Department  of  Commerce,  and  the  Department  of  Agriculture. 

18D.   WHAT  ANALYSIS  HAS  THE  US  UNDERTAKEN,  AND  WHICH  AGENCIES 
ARE  DOING  IT? 

Answer:   Both  the  Department  of  Energy  and  the  Environmental 
Protection  Agency  have  years  of  experience  in  issues  related 
to  the  study  of  climate  change.   Most  recently,  a 
representative  of  DOE  presented  information  on  emission 
trends  at  the  second  meeting  of  the  AGBM. 

Both  DOE  and  EPA  have  considerable  expertise  in  emissions 
inventories.   Recent  publications  include  a  DOE  report 
entitled  "Emissions  of  Greenhouse  Gases  in  the  United  States 
1987-1994"  and  an  EPA  report  entitled  "Inventory  of  U.S. 
Greenhouse  Gas  Emissions  and  Sinks:  1990-1993." 

The  Climate  Change  Action  Plan,  published  by  the  White 
House  in  October  1993,  was  the  product  of  an  interagency 
working  group  that  included  analysts  from  DOE,  EPA,  and  a 
number  of  other  agencies.   Analysts  from  DOE  and  EPA  have 
also  regularly  worked  with  0MB  and  CEA  staff  on  economic 
issues . 
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Currently,  an  interagency  working  group  is  reviewing  two 
climate  change  proposals  for  quantitative  emissions 
limitations  and  reductions  objectives  —  from  Germany  and 
from  the  Alliance  of  Small  Island  States  (AOSIS) .   The 
experiences  accumulated  from  the  analytical  process  will 
enhance  the  capability  of  the  working  group  in  performing 
further  analysis  of  similar  issues. 


18E.   WHEN  WILL  IT  BE  COMPLETED  AND  AVAILABLE  FOR  REVIEW? 

Answer :   The  analysis  and  interim  reports  to  support  the 
AGBM  will  match  the  needs  of  that  process.   As  your  question 
notes,  the  process  is  to  be  iterative.   Some  initial  work  on 
emissions  trends  was  presented  at  the  second  meeting  of  the 
AGBM.   The  initial  results  of  the  analytic  work  on  the  two 
protocol  proposals  as  well  as  additional  analyses  are 
anticipated  in  June  1996. 


19.    THE  AGBM  REPORT  SAID  THAT  THE  ANALYSIS  AND  ASSESSMENT 
WOULD  DRAW  ON  A  JOINT  PROJECT  OF  THE  ORGANIZATION  FOR  ECONOMIC 
AND  DEVELOPMENT  (OECD)  AND  INTERNATIONAL  ENERGY  AGENCY  (lEA) 
RELATING  TO  POLICIES  AND  MEASURES  FOR  "COMMON  ACTION" .   IT  IS 
MY  UNDERSTANDING  THAT  THE  OECD  AND  lEA  DO  NOT  OPERATE  IN  AN 
OPEN  AND  TRANSPARENT  FASHION,  AND  THAT  MANY  OF  THEIR  PRODUCTS 
ARE  CLASSIFIED  EITHER  BY  THEM  OR  THE  US.   THE  COMMON  MEASURES 
THE  OECD/IEA  APPARENTLY  ARE  EXAMINING  INCLUDE  A  STRONG  CARBON 
TAX,  LANDING  TAX  FOR  AIR  TRAFFIC  ON  THE  BASIS  OF  EMISSION 
LEVELS,  INCREASING  AND  HARMONIZING  AVIATION  FUEL  TAXES,  RAISE 
SALES  TAX  ON  GAS  GUZZLERS,  CONGESTION  TAXES,  INCREASE  ROAD 
FREIGHT  TAXES,  CAFE  STANDARDS,  APPLIANCE  EFFICIENCY  STANDARDS, 
MINIMUM  EMISSION  STANDARDS,  MARKET  AGGREGATION  FOR  NEW 
TECHNOLOGIES,  PHASING  OUT  HFCS,  TRADEABLE  PERMITS,  AND  MORE. 

i9A.   PLEASE  EXPLAIN  WHY  THE  US  BELIEVES  THAT  THE  AGBM  SHOULD 
UTILIZE  THE  OECD/IEA  AND  SIMILAR  ORGANIZATIONS  WHEN  THEY  DO  NOT 
UTILIZE  AN  OPEN  AND  TRANSPARENT  PROCESS  THAT  ALLOWS 
PARTICIPATION  BY  THE  PRIVATE  SECTOR,  AS  WELL  AS  GOVERNMENTS. 

Answer :   The  Administration  believes  that  it  is  appropriate 
to  use  international  sources  of  expertise  that  have 
generated  useful  data,  and  that  have  significant  levels  of 
resources  to  bring  to  bear  on  issues  such  as  climate 
change.   The  OECD  and  lEA  exemplify  the  value  added  that 
such  organizations  can  bring  --  and  have  access  to  a 
statistical  data-base,  as  well  as  to  technical  expertise 
that  is  unparalleled  among  other  international 
organizations.   USG  representatives  at  the  meetings  of  the 
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OECD  and  lEA  have  successfully  advocated  an  open  process  in 
which  non-government  (including  environmental,  business  and 
academic)  experts  are  to  be  provided  with  early  drafts  of 
the  analyses;  comments  from  these  experts  are  anticipated  to 
be  fed  into  subsequent  iterations. 


19B.   PLEASE  PROVIDE  THE  DETAILS  ABOUT  THE  OECD/IEA  COMMON 
MEASURES  PROJECT  AND  ITS  STATUS. 

Answer :   The  OECD/IEA  common  measures  project  is  a 
continuation  of  a  long  series  of  programs  which  the  lEA  and 
OECD  have  been  jointly  pursuing,  on  behalf  of  member 
countries,  in  support  of  the  FCCC  process.   The  first 
program  undertook  to  develop  (in  conjunction  with  the  IPCC) 
a  methodology  for  inventorying  greenhouse  gases;  it  was 
completed  in  1992,  and  is  currently  being  revised.   The 
second  project  developed  guidelines  for  reporting  by  Annex  I 
Parties.   The  guidelines  were  completed  and  adopted  by  INC 
10  in  1994;  these  became  the  basis  for  the  preparation  of 
Annex  I  Party  first  communications  under  the  FCCC.   The 
third  project  was  the  development  of  recommendations  for  the 
review  of  national  communications;  these  guidelines  were 
adopted  at  INC  11  —  and  are  the  basis  for  the  current 
review  of  national  communications  now  underway.   The  current 
project  is  designed  to  consider  what  policies  and  measures 
might  be  undertaken  in  common.   In  particular,  the  effort  is 
to  provide  analyses  of  the  benefits  and  costs  of  undertaking 
individual  measures  (including  the  possible  "leakage"  if 
only  some  countries  act),  the  trade  implications,  the 
economic  and  environmental  costs  and  benefits,  and  the 
greenhouse  reductions  that  might  accrue.   Recommendations  or 
decisions  on  the  adoption  of  any  specific  measure  are  not 
proposed  as  part  of  the  project.   A  list  of  the  measures 
that  will  be  considered  for  analysis  and  for  case  study 
development  is  attached;  a  copy  of  the  first  draft  reports 
from  the  first  four  analyses  are  also  attached  (and  already 
have  been  circulated  to  U.S.  non-government  experts  for 
their  review) . 


19C.   WHY  IS  THE  US  SUPPORTING  IT? 

Answer :   The  U.S.  believes  that  such  analytic  work  will 
prove  valuable  to  the  process  of  negotiating  next  steps 
under  the  FCCC.   Few  countries  have  the  capacity  to  evaluate 
all  options  --  or  to  consider  the  impacts  that  certain 
courses  of  action  might  have  on  non-actors.   The  lEA  and 
OECD  are  well-constituted  to  undertake  such  a  program  of 
work.   It  can  be  expected  that  the  results  could  further  a 
more  efficient  and  cost-effective  implementation  of  the  FCCC 
—  a  goal  which  the  U.S.  strongly  supports. 
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19D.   ARE  DOCUMENTS  PROVIDED  TO  THE  US  BY  THESE  ORGANIZATIONS 
FOR  THIS  PROJECT  CLASSIFIED  BY  THE  OECD,  THE  lEA,  OR  THE  US? 

Answer;   Documents  developed  by  the  group  are  classified  by 
the  Annex  I  Experts  group  following  OECD  Rules  of  Procedure, 
although  documents  may  be  de-restricted  at  the  Group's 
discretion.   The  USG  was  instrumental  in  changing  the  Group 
policy;  early  drafts  will  now  be  made  available  for  comment 
by  both  government  and  non-government  experts. 


19E.   WHAT  IS  THE  STATUTORY  OR  OTHER  BASIS  FOR  SUCH 
CLASSIFICATION? 

Answer ;   Under  the  OECD's  Rules  of  Procedure,  deliberations 
of  subsidiary  bodies  (e.g.,  OECD  Committees)  are  private  and 
on  a  confidential  basis.   (Rules  of  Procedure  are  adopted  by 
OECD  Council  Decision  and  therefore  binding.)   In  order  for 
confidentiality  to  be  lifted,  it  has  to  be  done  by  a 
specific  Council  decision.   The  OECD  Council  does  decide 
periodically  to  de-restrict  documents. 


19F.   WHAT  IS  THE  EXPECTED  DEADLINE  FOR  RESULTS  TO  BE  PROVIDED 
TO  AGBM? 

Answer :   It  is  anticipated  that  the  first  results  of  the 
project  case  studies  will  be  completed  before  C0P2  in  July 
1996. 


19G.   WILL  THERE  BE  PUBLIC  REVIEW  AND  COMMENT  OF  DRAFT  RESULTS 
BEFORE  THEY  ARE  SUBMITTED  TO  THE  AGBM? 

Answer ;   The  public  --  through  governments  in  each  country 
participating  in  the  effort  —  will  be  provided  with  an 
opportunity  to  review  and  comment  on  the  materials  before 
they  are  submitted  in  final  form  to  the  AGBM.   Initial 
drafts  of  documents  that  have  been  completed  to  date  have 
already  been  made  public  by  the  United  States. 


19H.   DOES  THE  US  FAVOR  THE  DEVELOPMENT  OF  COMMON  MEASURES? 

Answer :   We  have  long  supported  the  notion  of  a  "common  menu 
of  measures"  from  which  countries  might  choose  their  own 
actions;  we  remain  interested  in  the  results  of  the  OECD/IEA 
project  and  studies  to  learn  whether  a  different  approach 
may  ultimately  be  desirable. 
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20.    I  UNDERSTAND  FROM  THE  SEPTEMBER  22,  1995  EDITION  OF 
SCIENCE  THAT  THE  WHITE  HOUSE,  THE  INSTITUTE  OF  MEDICINE,  AND 
THE  NATIONAL  ACADEMY  OF  SCIENCES  HELD  A  CONFERENCE  IN  SEPTEMBER 
ABOUT  THE  LINKAGE  BETWEEN  CLIMATE  CHANGE  AND  HEALTH  EFFECTS. 

20A.   PLEASE  EXPLAIN  THIS  LINKAGE,  AND  PROVIDE  THE 
PEER-REVIEWED  STUDIES  SUPPORTING  THIS  LINKAGE. 

Answer :   Working  Group  II  of  the  Intergovernmental  Panel  on 
Climate  Change  (IPCC)  critically  assessed  the  scientific 
literature  which  studied  the  linkages  between  climate  change 
and  human  health.   The  list  of  references  of  chapter  18  of 
IPCC  is  attached. 

The  key  conclusions  of  IPCC  WG  II  are: 

•  Climate  change  is  likely  to  have  wide-ranging  and  mostly 
adverse  impacts  on  humans  health,  with  significant  loss 
of  life.   These  impacts  would  arise  by  both  direct  and 
indirect  pathways,  and  it  is  likely  that  the  indirect 
impacts  would,  in  the  longer  term,  predominate. 

•  Direct  health  effects  include  increases  in  (predominantly 
cardiorespiratory)  mortality  and  illness  due  to  an 
anticipated  increase  in  the  intensity  and  duration  of 
heat  waves.   Temperature  increases  in  colder  regions 
should  result  in  fewer  cold-related  deaths.   An  increase 
in  extreme  weather  would  cause  a  higher  incidence  of 
death,  injury,  psychological  disorders,  and  exposure  to 
contaminated  water  supplies. 

•  Indirect  effects  of  climate  change  include  increases  in 
the  potential  transmission  of  vector-borne  infectious 
diseases  (e.g.,  malaria,  dengue,  yellow  fever,  and  some 
viral  encephalitis)  resulting  from  extensions  of  the 
geographical  range  and  season  for  vector  organisms. 
Projections  by  models  (that  entail  necessary  simplifying 
assumptions)  indicate  that  the  geographical  zone  of 
potential  malaria  transmission  in  response  to  world 
temperature  increases  at  the  upper  part  of  the 
IPCC-projected  range  (3-5°  C  by  2100)  would  increase  from 
approximately  45%  of  the  world  population  to 
approximately  60%  by  the  latter  half  of  the  next 
century.   This  could  lead  to  potential  increases  in 
malaria  incidence  (of  the  order  of  50-80  million 
additional  annual  cases,  relative  to  an  assumed  global 
background  total  of  500  million  cases),  primarily  in 
tropical,  subtropical,  and  less  well-protected 
temperate-zone  populations.   Some  increases  in 
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non-vector-borne  infectious  diseases — such  as 
salmonellosis,  cholera,  and  giardiasis —  also  could  occur 
as  a  result  of  elevated  temperatures  and  increased 
flooding. 

•  Additional  indirect  effects  include  respiratory  and 
allergic  disorders  due  to  climate-enhanced  increases  in 
some  air  pollutants,  pollens  and  mold  spores.   Exposure 
to  air  pollution  and  stressful  weather  events  combine  to 
increase  the  likelihood  of  morbidity  and  mortality.   Some 
regions  could  experience  a  decline  in  nutritional  status 
as  a  result  of  adverse  impacts  on  food  and  fisheries 
productivity.   Limitations  on  freshwater  supplies  also 
will  have  human  health  consequences. 

•  Quantifying  the  projected  impacts  is  difficult  because 
the  extent  of  climate-induced  health  disorders  depends  on 
numerous  coexistent  and  interacting  factors  that 
characterize  the  vulnerability  of  the  particular 
population,  including  environmental  and  socioeconomic 
circumstances,  nutritional  and  immune  status,  population 
density,  and  access  to  quality  health  care  services. 
Adaptive  options  to  reduce  health  impacts  include 
protective  technology  (e.g.,  housing,  air  conditioning, 
water  purification,  and  vaccination),  disaster 
preparedness,  and  appropriate  health  care. 


20B.   PLEASE  IDENTIFY  ALL  THE  CONFERENCE  SPONSORS  AND  THE 
FEDERAL  FUNDS  THAT  WERE  EXPANDED. 

Answer :   The  Conference  was  co-sponsored  by  the  Institute  of 
Medicine  (IOM)/National  Academy  Sciences  (NAS)  and  the 
National  Science  and  Technology  Council  (NSTC) .   A  number  of 
NSTC  agencies  (CDC,  NIEHS,  NSF,  NASA,  NOAA,  EPA,  DOE,  USDA, 
USAID,  and  DOD)  contributed  a  total  of  approximately 
$110,000  for  this  Conference. 


20C.   I  ALSO  UNDERSTAND  THAT  THE  CONFERENCE,  IN  A  BREAKOUT 
DISCUSSION  GROUP  ON  PUBLIC  OUTREACH  RISK  COMMUNICATION, 
DEVELOPED  RECOMMENDATIONS  WHICH  WERE  PRESENTED  BY  AN  EPA 
OFFICIAL.   ONE  DESCRIPTION  OF  THESE  RECOMMENDATIONS  SUGGESTS 
THAT  THEY  INVOLVE  CONSIDERABLE  USE  OF  PUBLIC  RELATIONS 
TECHNIQUES,  SUCH  AS  PREPARING  PRESS  KITS,  AUTHORING  ARTICLES, 
USING  THE  INTERNET,  AND  DISTRIBUTING  LITERATURE  FOR  DOCTORS  TO 
GIVE  PATIENTS.   PLEASE  PROVIDE  A  COPY  OF  THESE  RECOMMENDATIONS, 
EXPLAIN  THEIR  STATUS,  AND  INDICATE  WHAT  ROLE  THE  GOVERNMENT 
PLANS  TO  TAKE  AND  AT  WHAT  COST  TO  IMPLEMENT  SOME  OR  ALL  OF  THEM. 
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Answer:   There  were  6  breakout  sessions  at  the  Conference  on 
Human  Health  and  Global  Climate  Change:   1)  Implications  for 
Global  Health  Surveillance  and  Response;  2)  Implications  for 
Disease  Prevention;  3)  Implications  for  Education  of  the 
Medical  and  Public  Health  Communities;  4)  Implications  for 
International  Cooperation;  5)  Implications  for  Research  and 
Development  Needs,  and  6)  Implications  for  Public  Outreach 
and  Risk  Communication.   The  purpose  of  each  of  these  was  to 
think  about  next  steps  to  improve  our  understanding  of  and 
our  ability  to  respond  to  changing  disease  patterns.   The 
overall  Conference  was  really  a  landmark  for  bringing 
together  2  communities — environment  and  health — and  having 
them  simultaneously  think  about  climate  change  and  the 
potential  for  cooperation  and  efficient  use  of  resources. 

The  group  on  public  outreach  and  risk  communication 
consisted  of  federal,  state,  and  local  representatives  as 
well  as  NGO  and  industry  stakeholders.   They  discussed  a 
paper  developed  by  HHS  that  outlined  the  difficulties  of 
explaining  complex  scientific  issues  and  comparative  risk  to 
the  layperson.   Dr.  Bill  Farland,  Director  of  the  National 
Center  for  Environmental  Assessment,  EPA,  served  as  the 
chair  of  the  breakout  session.   The  conclusions  of  that 
session  were  that  for  climate  change,  as  well  as  for  many 
other  complicated  issues,  a  risk  communication  strategy  must 
include:   1)  involving  the  public  by  encouraging  awareness 
and  discussion;  and  2)  continuing  to  build  bridges  between 
the  relevant  technical  communities--in  this  case,  the 
medical  and  environmental  communities.   The  participants 
recommended  working  through  existing  networks  and 
infrastructure,  not  necessarily  creating  new  ones.   Thus, 
they  suggested  interaction  through  the  internet,  as  well  as 
fostering  broader  environmental  health  awareness  in  popular 
articles,  journal  articles,  and  op  eds . 

Many  analogies  to  explaining  the  dangers  of  nuclear  war  were 
made.   Concerns  about  both  extremes--environmental  alarmism 
and  environmental  complacency,  were  voiced.   Education  of 
the  public  about  what  is  known  and  what  is  not  known  is  an 
important  step.   The  Government  is  not  planning  any  formal 
implementation  of  the  recommendations  from  Panel  6,  per  se. 
However,  we  certainly  do  endorse  the  continued  interaction 
of  the  health  and  environmental  communities  in  raising  the 
level  of  scientific  literacy  and  understanding  of  risk  in 
the  general  public. 

The  report  of  the  entire  workshop  is  being  written  by  the 
National  Research  Council,  and  will  be  released  this  summer. 
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21.    THE  SEPTEMBER  22,  199  5  EDITION  OF  SCIENCE  ALSO  REPORTS 
THAT  THE  NATIONAL  ACADEMY  OF  SCIENCE  HAS  SENT  A  PROPOSAL  TO  THE 
CENTER  FOR  DISEASE  CONTROL,  THE  NATIONAL  OCEANIC  AND 
ATMOSPHERIC  ADMINISTRATION,  AND  OTHER  AGENCIES  FOR  A  THREE-YEAR 
STUDY  COSTING  $1  MILLION  CONCERNING  THE  LINKAGE  BETWEEN  GLOBAL 
CHANGE  AND  HUMAN  HEALTH.   PLEASE  PROVIDE  A  COPY  OF  THE  PROPOSAL 
AND  EXPLAIN  ITS  STATUS  AND  THE  SOURCE  OF  FUNDS  FOR  THE 
PROPOSAL,  IF  ADOPTED. 

Answer :   The  proposal  was  submitted  to  EPA  as  the  lead 
agency  for  funding,  with  copies  going  to  U.S.  Army  Medical 
Research  Institute  of  Infectious  Disease,  (USAMRIID),  NOAA, 
NASA,  CDC  and  NSF .   The  proposal  requested  total 
contributions  of  $75,000.   A  decision  to  fund  the  study  has 
not  been  made  at  this  time. 
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The  IPCC  Review  Process 

(Excerpt  from  the  Report  of  the  Tenth  Session  of  the  IPCC,  Nairobi,  10-12  November  1994) 


The  wide  international  review  to  which  IPCC  reports  are  exposed  represents  one  of  the  major 
strengths  of  the  process.  The  IPCC  recognizes,  however,  that  the  burden  of  handling  large 
numbers  of  review  comments  fall  most  heavily  upon  the  Lead  Authors  and  the  Working  Group 
bureaux,  all  of  whom  have  other  pressures  on  their  time  even  apart  from  the  extremely  tight 
deadlines  applied  by  the  IPCC  process.  Since  the  success  of  the  IPCC  depends  ultimately  upon 
the  co-operation  and  willing  commitment  of  these  scientists,  it  is  essential  that  all  is  done  to  make 
their  task  as  easy  as  possible. 

The  Pand  agreed  that  in  any  change  to  be  made  in  the  review  process,  two  principles  governing 
the  review  should  be  borne  in  mind.  First,  the  best  possible  scientific  and  technical  advice  should 
be  received  so  that  the  BPCC  reports  can  represent  the  latest  scientific  findings  and  be  as 
scientifically  credible  as  is  possible.  Secondly,  a  wide  circulation  (including  experts  in  developing 
countries)  should  aim  to  involve  as  many  experts  as  possible  in  the  IPCC  process. 

The  Panel  agreed  that: 

1 .  Each  government  and  participating  organization  should  designate  one  Focal  point  for  all' 
IPCC  activities  as  defined  in  the  IPCC  Procedures',  and  provide  fiill  information^  on  this 
Focal  Point  to  the  IPCC  Secretariat.  The  Focal  Point  should  liaise  with  the  IPCC 
Secretariat  and  the  appropriate  Technical  Support  Unit  (TSU)  regarding  the  logistics  of 
the  review  process(es).  Of  particular  importance  is  the  full  exchange  of  information. 

2.  For  the  1995  SAR,  Woridng  Group  I  will  follow  the  existing  IPCC  Procedures  concerning 
Expert  and  Government  review,  but  will  run  the  two  review  processes  concurrently.  The 
time  allocated  for  review  will  be  extended  to  at  least  eight  weeks 

3.  For  the  1995  SAR,  Woridng  Groups  n  and  HI,  already  well  into  the  review  process,  will 
continue  with  a  two-stage  Expert  and  Government  review. 

4.  The  experience  of  Working  Group  I  in  rimning  a  concurrent  Expert  and  Government 
review  will  be  appraised  at  the  Eleventh  Session  of  the  IPCC. 


IPCC  Procedures  for  Preparation.  Review,  Acceptance,  Approval  and  Publication  of  its  Reports 
(copy  attached) 

Name,  address,  telephone,  fax  and  e-mail 
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IPCC  PROCKDORKS  FOR  PREPARATION,  RBVIBW, 
ACCBPTANCK,  APPROVAL  AMD  PUBLICATION  OF  ITS  REPORTS 


Introduction 

The  role  of  Che  IPCC  is  Co  assess  on  a  comprehensive,  objeccive,  open 
and  transparenc  basis  Che  sciencific,  Cechnical  and  socio-economic  information 
relevant  Co  understanding  the  risk  of  human- induced  climate  change,  its 
piotential  impacts  and  opcions  for  adapcacion  and  micigation.  IPCC  assessments 
should  be  neutral  with  respect  to  policy,  although  they  may  need  to  deal 
objectively  with  scientific,  technical  and  socio-economic  factors  relevamt  to 
the  application  of  particular  policies. 

Review  is  an  essential  part  of  the  IPCC  assessment  process.  Since  the 
IPCC  is  am.  intergovernmental  body,  review  of  IPCC  documents  should  involve 
both  peer  review  by  experts  and  review  by  governments . 

This  paper  contains  the  procedures  for  the  preparation  of  IPCC  reports 
which  are  to  be  published  and  sets  out  the  requirements  for  planning  within 
the  work  progreunmes  necessary  to  ensure  that  IPCC  review  is  carried  out  on  a 
wide  and  representative  basis  and  that  proper  provision  is  made  for  acceptance 
and  approval  processes . 

IPCC  Published  Reports 

Four  cacegories  of  IPCC-published  reporcs  can  be  identified,  each  with 
particular  requirements  for  review,  acceptance  or  approval  ' : 

-  Supporting  material 

-  Reports  accepted  by  Working  Groups 

-  Reports  approved  by  Working  Groups  and  accepted  by  the  Panel 

-  Reports  approved  by  the  Panel . 

Supporting  Matsrial 

Supporting  material  consists  of  (i)  published  reports  and  proceedings 
from  workshops,  seminars  and  meetings  within  the  scope  of  the  IPCC  work 
programme  that  have  IPCC  recognition,  and  (ii)  material  commissioned  by 
Working  Groups  and  Subgroups  in  support  of  the  assessment  process  which  IPCC 
decides  should  have  wide  dissemination.  Procedures  for  the  recognition  of 
workshops,  seminars  and  meetings  are  given  in  annex  1. 

Arrangements  for  publication  of  supporting  material  should  be  agreed 
as  part  of  the  process  of  IPCC  recognition  or  in  commissions  from  Working 
Groups  or  Subgroups  to  prepare  specific  supporting  material.  All  supporting 
material  should  be  formally  and  prominently  described  on  the  front  and  other 
introductory  covers  as : 

"Supporting  material  prepared  for  consideration  by  the 
Intergovernmental  Panel  on  Climate  Change.  This  supporting 
material  has  not  been  subjected  to  formal  IPCC  review 
processes .  " 

Reports  Accepted  by  Working  Groups 

Reports  presented  for  acceptance  by  the  Working  Groups  at  Plenary 
level  consist  principally  of  the  full  scientific  and  technical  assessments  of 
Working  Groups  I,  II  and  III.  Methodologies,  such  as  the  Methodology  on 
Emissions  Inventories  2md  the  Preliminary  Guidelines  for  Impacts  Assessments, 
also  fall  into  this  group,  as  do  interim  reports  on  particular  topics 
requested  by  the  Panel  (e.g.,  reports  prepared  in  response  to  the  requirements 


The  Panel  agreed  that  definitions  of  the  terms  "acceptance"  and 
"approval"  should  be  communicated  well  to  the  reader  in  the  IPCC 
published  reports. 
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of  the  Framework  Convention  on  Climate  Chemge)  .  The  subject  matter  of  these 
reports  shall  conform  to  the  terms  of  reference  of  the  Working  Group  and  to 
the  work  plan  approved  by  the  Panel . 

Reports  in  this  category  will  undergo  a  full  expert  and  government 
review.  The  objective  of  this  review  is  to  ensure  that  the  reports  present 
a  coitprehensive,  objective,  and  balanced  view  of  the  areas  they  cover.  While 
the  large  volume  and  technical  detail  of  this  material  places  practical 
limitations  upon  the  extent  to  which  changes  to  these  reports  will  normally 
be  made  by  Working  Groups  or  Subgroups  at  Plenary  level,  "acceptance" 
signifies  the  view  of  the  Working  Group  that  this  objective  has  been  achieved. 

Reports  accepted  by  Working  Groups  should  be  formally  and  prominently 
described  on  the  front  and  other  introductory  covers  as : 

"A  report  accepted  by  Working  Group  X  of  the  IPCC  but  not 
approved  in  detail." 

It  is  essential  that  Working  Grov^  cAd  Subgroup  work  programmes  allow 
proper  time  in  their  schedules  for  a  full  review  by  experts  and  governments 
to  be  carried  out.  The  Working  Group  and  Subgroup  co-cbairs  are  responsible 
for  implementing  the  work  programme  and  ensuring  that  proper  review  of  the 
material  occurs  in  a  timely  manner. 

To  ensure  proper  review,  the  following  steps  should  be  undertaken: 

1.  Compilation  of  lists  of  lead  authors  contributors,  expert  reviewers 
and  government  contacts : 

At  the  request  of  Working  Group  or  Subgroup  co-chairs,  all  countries 
and  participating  organizations  should  identify  their  appropriate  experts  for 
each  Working  Group  and  Subgroup  area  who  can  act  as  potential  lead  authors, 
contributors  or  reviewers.  To  facilitate  later  review  by  countries, 
governments  should  also  designate  their  respective  IPCC  Contacts.  These 
should  be  assembled  into  lists  available  to  all  IPCC  members  and  maintained 
by  the  Working  Group  or  Subgroup  co-chairs.  The  tasks  and  responsibilities 
of  lead  authors,  contributors,  expert  reviewers  and  government  contacts  are 
outlined  in  annex  2 . 

2.  Organisation  of  Work: 

Preparation  of  the  first  draft  of  a  report  should  be  undertaken  by 
lead  authors  identified  by  the  relevant  Working  Group  bureau  from  those 
experts  citsd  in  the  lists  provided  by  all  countries  and  participating 
orgsmizations,  with  due  consideration  being  given  to  .those  known  through  their 
publication  or  work.  In  sofar  as  practicsible,  the  composition  of  the  group 
of  lead  authors  for  a  section  of  a  report  shall  reflect  fair  balance  among 
different  points  of  view  that  can  reasonably  be  anticipated  by  the  Working 
Group  bureau,  and  should  include  at  least  one  expert  from  a  developing 
country. 

At  the  earliest  opportunity.  Working  Groups  and  Subgroups  should 
inform  all  IPCC  participating  countries  and  orgemizations  about  who  the  lead 
authors  are  and  the  areas  they  are  covering.  Experts  who  wish  to  contribute 
material  for  consideration  in  the  first  draft  shovild  submit  it  directly  to  the 
lead  authors.  Contributions  should  be  in  the  form  of  text  specifically  written 
for  the  draft  report  and  supported  as  far  as  possible  with  references  from  the 
peer-reviewed  and  internationally-available  literature,  and  with  pre-prints 
of  any  unpublished  material  cited;  clear  indications  of  how  to  access  the 
latter  should  be  included  in  the  contributions . 

Lead  authors  will  work  on  the  basis  of  these  IPCC  contributions,  the 
peer-reviewed  and  internationally-available  literature  including  scientific 
and  technical  publications  prepared  by  national  governments  and  scientific 
bodies,  the  latest  reports  from  researchers  that  can  be  made  available  in  pre- 
print form  for  IPCC  review,  and  IPCC  supporting  material. 

In  preparing  the  first  draft,  and  at  subsequent  stages  of  review,  lead 
authors  should  clearly  identify  disparities  of  view  for  which  there  is 
significant  scientific  or  technical  support,  together  with  the  relevant 
arguments . 
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3 .      Review  by  Experts  .- 

First  draft  reports  should  be  circulated  by  Working  Group  or  Subgroup 
co-chairs  for  review  by  experts.   The  review  circulation  should  include: 

specialists  who  have  significant  publications  in  particular 

areas ; 

lead  authors,   contributors  and  reviewers  on  the  IPCC  lists 

maintained  by  the  Working  Group  and  Subgroup  co-chairs; 

IPCC  participating  countries  and  organizations; 

specialist  reviewers  nominated  by  appropriate  international 

scientific  and  technical  organisations  (e.g.,  WHO,  DNEP,  ICSO, 

Third  World  Academy  of  Sciences,  FAO,  IOC,  World  Bank,  Regional 

Development  Banks,  OECD) . 

The  Working  Group  and  Subgroup  co-chairs  should  make  available  to 
reviewers  specific  material  on  request  referenced  in  the  document  being 
reviewed  which  is  not  available  in  the  international  published  literature. 

Connents  by  reviewers  should  be  made  availeible  to  the  appropriate  lead 
authors . 

Lead  authors,  in  conjunction  with  Working  Group  and  Subgroup  co- 
chairs,  are  encouraged  to  supplement  the  draft  revision  process  by  organizing 
a  wider  meeting  with  principal  contributors  and  reviewers,  if  time  and  funding 
permit,  in  order  to  pay  special  attention  to  particular  points  of  assessment 
or  areas  of  major  differences. 

The  time  schedule  allowed  for  return  of  review  comments  will  be 
constrained  by  the  IPCC  work  schedule,  but  normally  should  not  be  less  than 
six  weeks,  except  when  special  circumstances  permit  only  one  month.  More  tirtie 
may  be  required  for  some  material.  If  time  allows,  a  revised  draft 
incorporating  comments,  together  with  any  appropriate  summary,  should  be 
circulated  again  for  review  by  experts . 

Contributors  and  reviewers  should  make  full  use  of  the  draft  and 
revised  report  review  procedures  to  pursue  the  incorporation  of  their 
contributions  in  the  report  at  the  earliest  opportunity. 

4  .      Review  by  Governments : 

A  revised  draft  should  be  distributed  by  Working  Group  co-chairs  to 
governments  through  the  designated  IPCC  government;  contacts,  and  to  all  the 
original  contributors  and  reviewers . 

Governments  should  send  one  integrated  set  of  comments  for  each 
Working  Group  report  to  the  appropriate  Working  Group  co-chairs  through  their 
IPCC  government  contacts.  They  may  wish  to  organize  their  own  mechanisms  for 
consulting  experts  in  preparing  their  responses.  Working  Group  and  Subgroup 
co-chairs  should  arrange  for  a  full  record  to  be  kept  of  all  comments  received 
and,  upon  specific  request,  should  make  them  avail2ible. 

To  facilitate  government  review,  non-government  reviewers  should  send 
their  further  comments  to  Working  Group  co-chairs  with  a  copy  to  their 
appropriate  government  IPCC  contact. 

The  time  available  for  return  of  government  reviews  should  not  be  less 
than  six  weeks. 

Preparation  of  a  final  draft  report  for  submission  to  Working  Group 
Plenary  should  be  undertaken  by  lead  authors,  and  Working  Group  and  Subgroup 
co-chairs  as  appropriate.  If  necessary,  and  timing  and  funding  permit,  a 
wider  meeting  with  principal  contributors  and  reviewers  is  encouraged  in  order 
to  pay  special  attention  to  particular  points  of  assessment  or  areas  of  major 
differences.  It  is  important  that  reports  describe  different  (possibly 
controversial)  scientific  or  technical  views  on  a  si:tbject,  particularly  if 
they  are  relevant  to  the  political  debate.  The  final  draft  should  credit  all 
lead  authors,  contributors,  expert  reviewers  and  country  reviewers  by  name  and 
affiliation. 
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S .      Acceptance  of  the  Report : 

A  final  draft  taking  into  account  country  comments  should  be 
distributed  to  all  IPCC  participating  countries  smd  organizations  not  less 
than  three  weelcs  prior  to  a  Working  Group  Plenary  meeting  called  to  accept  the 
report  and  transmit  it  to  the  IPCC  Plenary.  It  is  for  the  Working  Group  co- 
chairs  to  assess  the  time  necessary  for  con^leting  action  in  a  timely  manner, 
according  to  the  complexity  of  the  task  and  to  the  amount  of  work  already  in 
hand  within  the  IPCC  or  other  bodies  already  working  in  the  field. 

Reports  Approved  bv  the  Working  Groups  and  Accepted' bv  the  Panel 

Reports  approved  by  the  Working  Groins  and  accepted  by  the  Panel  will 
principally  be  the  three  Executive  Summaries  and  the  three  Summaries  for 
Policymakers,  prepared  by  the  respective  Working  Groups,  of  their  full 
scientific  and  technical  assessments.  The  Summaries  should  be  subject  to 
review  by  both  experts  and  governments  and  to  final  line-by-line  approval  at 
a  Plenary  meeting  of  the  appropriate  Working  Group.  Responsibility  for 
preparing  first  drafts  and  revised  drafts  of  the  Executive  Summaries  and  the 
Sunnaries  for  Policymakers  lies  with  the  respective  Working  Group  and  Subgroup 
co-chairs  as  appropriate.  The  Summaries  may  be  prepared  concurrently  with  the 
preparation  of  the  main  Working  Group  reports  or  following  the  acceptemce  of 
these  reports  by  the  Working  Groups .  Not  less  than  six  weeks  should  be 
allowed  for  the  review  of  the  draft  summaries,  and  the  final  draft  for  line- 
by-line  approval  should  be  submitted  to  the  Working  Group  not  less  than  one 
month  before  the  Working  Group  meeting  to  approve  the  Summaries . 

;^proval  of  the  Executive  Summary  and  the  Summary  for  Policymakers  by 
the  Working  Group  Plenary  signifies  that  they  are  consistent  with  the  factual 
material  contained  in  the  full  scientific  and  technical  assessment  accepted 
by  the  Working  Group.  These  Summaries  should  be  formally  and  prominently 
described  as : 

"A  Report  of  Working  Groi^  X  of  the  Intergovernmental  Panel  on  Climate 
Change. " 

Working  Group  approval  of  the  Summary  for  Policymakers  constitutes 
approval  by  the  full  Panel  because  the  approval  process  is  open  to  all 
countries.  However,  it  is  necessary  to  review  the  reports  in  general,  note  any 
substeuitial  disagreements,  and  formally  adopt  them  in  order  to  prepare  a 
synthesis  IPCC  report. 

All  Summaries  should  be  transmitted  to  the  full  Panel  at  least  one 
month  ahead  of  the  IPCC  session  at  which  the  IPCC  report  is  to  be  approved. 
More  time  may  be  necessary  depending  on  the  nature' of  the  report. 

Reports  Approved  by  the  Panel 

The  Panel  will  base  its  synthesis  report  on  a  review  of  the  Working 
Groups'  Sunmaries,  will  record  any  substantial  disagreements  not  already  taken 
into  account  and  will  include  the  Summaries  in  its  report. 

The  IPCC  synthesis  report  is  intended  to  provide  an  overview  and 
synthesis  of  the  Executive  Sumnaries  and  the  Sunnaries  for  Policymakers  of  the 
Working  Groups.  It  should  receive  full  review  by  participating  governments 
and  organizations. 

Initial  drafting  of  the  IPCC  synthesis  report  will  be  undertaken  by 
the  IPCC  Chair  and  Working  Group  Co-Chairs.  The  draft  should  be  made 
available  for  government  and  participating  organization  review  for  not  less 
than  six  weeks.  The  revised  draft  should  be  made  available  to  participating 
governments  and  organizations  not  less  than  one  month  before  the  Panel  Plenary 
meeting  called  for  the  purposes  of  line-by-line  approval  of  the  draft. 

The  report  consisting  of  the  IPCC  synthesis  report  and  the  Summaries 
of  the  Working  Groups  is  an  IPCC  report  and  shoiild  be  formally  and  prominently 
described  as : 

"A  Report  of  the  Intergovernmental  Panel  on  Climate  Change.* 
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IPCC  WORKSHOP  POLICY 

IPCC  workshops,  seminars  and  meetings  are  those  that  have  been  agreed 
in  advance  by  an  IPCC  Working  Group  or  by  the  Panel  as  useful  or  necessary  to 
coii^jletion  of  the  Working  Group's  work  plan  or  a  task  of  the  IPCC.  Only  such 
activities  may  be  designated  as  "IPCC"  workshops,  seminars  or  meetings.  Their 
funding  should  be  assured  in  advance  from  sources  other  them  the  IPCC  regular 
budget  and  should  include  provision  for  participation  of  experts  from 
developing  countries  and  countries  with  economies  in  transition. 

The  proceedings  of  IPCC  workshops,  seminars  and  meetings  should 
normally  be  published.   Such  proceedings  should: 

include  a  full  list  of  participants 

indicate  when  and  by  whom  they  were  prepared 

indicate  whether  cuid  by  whom  they  were  reviewed  prior  to 

piiblication 

acknowledge  all  sources  of  funding  and  other  support 

indicate  prominently  at  the  beginning  of  the  document  that  the 

activity  was  held  pursucint  to  a  decision  of  the  relevant  Working 

Group  or  the  Panel  but  that  such  decision  does  not  imply  Working 

Group  or  Panel  endorsement  or  approval  of  the  proceedings  or  any 

recommendations  or  conclusions  contained  therein. 

IPCC  CO- sponsorship  may  be  extended  to  other  workshops,  seminars  or 
meetings  if  the  IPCC  Chairm<m,  as  well  as  the  Co-chairmen  of  the  relevjmt 
Working  Group  and,  where  appropriate,  the  Co-chairmen  of  the  releveuit  Subgroup 
determine  in  advance  that  the  activity  will  be  useful  to  the  work  of  the  IPCC. 
IPCC  CO -sponsorship  of  such  an  activity  does  not  convey  any  obligation  by  the 
IPCC  to  provide  financial  or  other  support.  In  considering  whether  to  extend 
IPCC  co-sponsorship,  the  following  factors  should  be  taken  into  account: 

whether  full  funding  for  the  activity  will  be  available  from 

sources  other  than  the  IPCC 

whether  the  activity  will  be  open  to  government  experts  as  well 

as  experts  from  non-governmental  organizations  participating  in 

the  work  of  the  IPCC 

whether  provision  will  be  made  for  participation  of  experts  from 

developing  countries  and  countries  with  economies  in  transition 

whether  the  proceedings  will  be  published  and  made  availeOsle  to 

the  IPCC  in  a  time  frame  relevant  to  its  work 

whether  the  proceedings  will : 

include  a  full  list  of  participants 
indicate  when  and  by  whom  they  were  prepared 

indicate  whether  and  by  whom  they  were  reviewed  prior  to 
publication 
.  specify  all  sources  of  funding  and  other  support 
.  prominently  display  the  following  disclaimer  at  the  beginning 
of  the  document : 

■I^CC  co-sponaorahip  doas  not  ijoply  IPCC  endorsement  or  approval 
of  these  proceedings  or  any  racoannandations  or  conclusions 
contained  herein.  Naitbar  tha  papers  presantad  at  tha 
worksbop/maating/saminar  nor  tha  report  of  its  procaadings  bava 
baan  subjected  to  IPCC  review.' 
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LEAD  AOTHORS, 


TASKS  AMD  RSSPONSIBILITIBS  FOR 
CONTRIBDTORS  AND  EXPERT  REVIEWERS  OF  IPCC  REPORTS 
AMD  IPCC  GOVERNMENT  CONTACTS 


1.   LEAD  AUTHORS  (LAs) 

Functions  To  produce  designated  sections  addressing  items  of  the  work 
programme  on  the  basis  of  the  best  scientific  and  technical 
information  available. 

Comment  Lead  authors  will  typically  work  as  small  groups  which  have 
responsibility  for  ensuring  that  the  various  components  of 
their  sections  are  brought  together  on  time,  are  of  uniformly 
high  queJ.ity  cuid  conform  to  any  overall  standards  of  style  set 
for  the  document  as  a  whole. 

The  task  of  lead  authors  is  a  demanding  one  and  in  recognition 
of  this  the  names  of  LAs  should  appear  prominently  in  the  final 
report.  During  the  final  stages  of  report  preparation,  when 
the  workload  is  often  particularly  heavy  and  when  lead  authors 
are  heavily  dependent  upon  each  other  to  read  and  edit 
material,  and  to  agree  to  chamges  promptly,  it  is  essential 
that  the  work  should  be  accorded  the  highest  priority. 

The  essence  of  the  lead  authors '  task  is  synthesis  of  material 
drawn  from  the  peer  reviewed  literature,  generated  at  workshops 
or  submitted  by  contributors .  Lead  authors  may  not  necessarily 
write  original  text  themselves ,  but  they  must  have  the  proven 
technical  ability  to  develop  text  that  is  scientifically  sound 
and  that  faithfully  represents,  to  the  extent  that  this  is 
possible,  contributions  by  a  wide  variety  of  experts.  The 
ability  to  work  to  deadlines  is  also  a  necessary  practical 
requirement . 

Principles  Governing  IPCC  Work  require  LAs  to  record  views 
which  cannot  be  reconciled  with  a  consensus  view  but  which  are 
nonetheless  scientifically  or  technically  valid. 

Lead  authors  may  convene  meetings  with  contributors ,  as 
appropriate,  in  their  preparations,  of  their  sections  and  to 
suggest  any  workshops  in  their  relevant  areas  to  the  Subgroup 
or  Working  Group  co-chairs. 


CONTRIBDTOR 


To  prepare  technical  information  in  the  form  of  text,  graphs 
or  data  for  assimilation  by  the  lead  authors  into  the  draft 
section. 

Input  from  a  wide  rsuige  of  contributors  is  a  key  element  in  the 
success  of  IPCC  assessments,  and  the  names  of  all  contributors 
should  be  acknowledged  in  the  reports.  Contributions  are 
sometimes  solicited  by  Lead  Authors  but  unprompted 
contributions  are  positively  encouraged. 

Contributed  material  may  be  edited,  merged  and  if  necessary, 
amended,  in  the  course  of  developing  the  overall  draft  text. 


EXPERT  REVIEWER 


To  comment  on  the  accuracy  and  completeness  of  the 
scientific/technical  content  and  the  overall 
scientific/technical  balance  of  the  drafts. 
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Consnent  Expert  reviewers  will  comment  on  the  text  according  to  their 
own  )cnowledge  and  experience.  They  may  be  nominated  by 
Governments,  national  and  international  orgsuiizations.  Working 
Group  Bureaus,  Lead  Authors  and  contributors. 

4.   GOVERNMENT  REVIEW 

Function  To  comment  on  the  accuracy  and  completeness  of  the 
scientific/technical  content  and  the  overall 
scientific/technical  balance  of  the  drafts. 


Government  review  will  typically  be  carried  out  within  and 
between  a  number  of  Departments  and  Ministries .  Countries  may 
convene  their  own  seminars  and  workshops  to  review  draft 
reports  and  advise  on  comments .  For  administrative 
convenience,  countries  should  nominate  a  single  IPCC  Government 
Contact . 
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Second  Assessment  Report  of  the 

Intergovernmental  Panel  on  Climate  Change 

Schedule  of  Work 


IPCC  WORKING  GROUP  I 

It  may  be  recalled  that  the  expert/government  review  was 
conducted  concurrently  for  WG-I. 

SPM  for  review  to  IPCC  focal/contact  points  5  May  1995 

of  governments  and  organizations  to 

experts 
Deadline  for  comments  7  July  1995 

Draft  SPM  for  review  to  MFAs  12  June  1995 

Deadline  for  comments  7  July  1995 

(This  was  a  formality,  copies  were  not  sent  to  MFAs  on  5  May. 
This  had  to  be  rectified.) 

Revised  SPM  for  review  to  MFAs  and  organizations    19  Oct.  1995 
Deadline  for  comments  15  Nov.  1995 

5th  Session  IPCC  WG-I,  Madrid  (approval  SPM)      27-29  Nov.  1995 

Final  SPM  mailed  to  MFAs  (prior  to  IPCC-XI)  8  Nov.  1995 

and  organizations 


IPCC  WG-I I 

Review  by  experts  had  been  completed  before  the  following  dates. 

Draft  SPM  for  review  to  MFAs  and  organizations  6  Mar.  1995 

Deadline  for  comments  28  Apr.  1995 

Revised  SPM  for  review  to  MFAs  and  organizations  15  Sep.  1995 

Deadline  for  comments  6  Oct.  1995 

3rd  Session  IPCC  WG-II,  Montreal  (approval  SPM)  16-20  Oct.  1995 

Final  SPM  mailed  to  MFAs  (IPCC  XI)  and  8  Nov.  1995 
organizations 
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IPCC  WG-III 

Draft  SPM  for  review  to  experts  20  Jan.  1995 

Deadline  for  comments  13  Mar.  1995 

Draft  SPM  for  review  to  MFAs  and  organizations  15  Sep.  1995 

Deadline  for  comments  6  Oct.  1995 

Revised  SPM  for  review  to  MFAs  and  organizations  31  Aug.  1995 

Deadline  for  comments  4  Oct.  1995 

3rd  Session  IPCC  WG-III,  Geneva  (approval  SPM)  25-28  Jul.  1995 

Resumed  3rd  Session,  Montreal  (approval  SPM)  11-13  Oct.  1995 

Final  SPM  mailed  to  MFAs  (IPCC  XI)  8  Nov.  1995 
and  organizations 


IPCC  SYNTHESIS 

First  draft  from  Chiarman  IPCC  to  Drafting  Team     24  Mar.  1995 

1st  Meeting  Drafting  Team,  Athens  1-4  May  1995 

Review  by  Drafting  Team 

2nd  Meeting  Drafting  Team,  London 

IS  for  review  to  MFAs,  Fortaleza  participants 

and  other  experts,  organizations 
Deadline  for  comments 

Deadline  extended  by  letter  of  31  August  to 
3rd  Meeting  Drafting  Team,  Geneva  25- 

Review  by  Drafting  Team  of  the  revised  draft 
IS  to  MFAs  and  organizations  (IPCC  XI) 
Deadline  for  comments  ' 

Approval  at  Eleventh  Session  IPCC,  Rome 


3-5 

Jul. 

1995 

31 

Jul. 
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12 

Sep. 
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2 
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1995 

-27 

Oct. 

1995 

8 
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2 

Dec. 
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15 

Dec. 

1995 
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INTERGOVERNMENTAL  PANEL  ON  CLIMATE  CHANGE 


Summary  for  Policymakers 
of 

the  Contribution  of  Working  Group  I  to  the 
IPCC  Second  Assessment  Report,  1995 


Approved  at  the  fifth  session  of  IPCC  WGI, 
Madrid,  27-29  Nov  1995 


346 


IPCC  Working  Group  I  1995  Summary  for  Policymakers 


Considerable  progress  has  been  made  in  the  understanding  of  climate  change^  science  since 
1 990  and  new  data  and  analyses  have  become  available. 

Greenhouse  gas  concentrations  have  continued  to  increase 

Increases  in  greenhouse  gas  concentrations  since  pre-industrial  times  (i.e.  since  about 

1 750)  have  led  to  a  positive  radiative  forcing^  of  climate,  tending  to  warm  the  surface  and  to 

produce  other  changes  of  dimate. 

•  The  atmospheric  concentrations  of  greenhouse  gases,  inter  alia  carbon  dioxide  (CO2), 
methane  (CH4)  and  nitrous  oxide  (N2O)  have  grown  significantiy:  by  ab..ut  30%,  145%, 
and  15%,  respectively  (values  for  1992).  These  trends  can  be  attributed  largely  to 
human  activities,  mostiy  fossil  fuel  use,  land-use  change  and  agriculture. 

•  The  growth  rates  of  CO2,  CH4  and  N2O  concentrations  were  low  during  the  eariy  1990s. 
While  this  apparentiy  natural  variation  is  not  yet  fully  explained,  recent  data  indicate  that 
the  growth  rates  are  currentiy  comparable  to  those  averaged  over  the  1 980s. 

•  The  direct  radiative  forcing  of  the  long-lived  greenhouse  gases  (2.45  Wm"2)  is  due 
primarily  to  increases  in  the  concentrations  of  CO2  (1.56  Wm"2),  CH4  (0.47  Wm"2) 
and  N2O  (0.14  Wm-2)  (values  for  1992). 

•  Many  greenhouse  gases  remain  in  the  atmosphere  for  a  long  time  (for  CO2  and  N2O,  many 
decades  to  centuries),  hence  they  affect  radiative  forcing  on  long  time-scales. 

•  The  direct  radiative  forcing  due  to  the  CFCs  and  HCFCs  combined  is  0.25  Wm'2,  However, 
their  net  radiative  forcing  is  reduced  by  about  0.1  Wm"2  because  they  have  caused 
stratospheric  ozone  depletion  which  gives  rise  to  a  negative  radiative  forcing. 

•  Growth  in  the  concentration  of  CFCs,  but  not  HCFCs,  has  slowed  to  about  zero.  The 
concentrations  of  both  CFCs  and  HCFCs,  and  their  consequent  ozone  depletion,  are  expected 
to  decrease  substantially  by  2050  through  implementation  of  the  Montreal  Protocol  and 
its  Adjustments  and  Amendments. 

•  At  present  some  long-lived  greenhouse  gases  (particulariy  HFC^  (a  CFC  substitute),  PFCs 
and  SFe)  contribute  little  to  radiative  forcing  but  their  projected  growth  could  contribute 
several  per  cent  to  radiative  forcing  during  the  21st  century. 

•  If  carbon  dioxide  emissions  were  maintained  at  near  current  (1994)  levels,  they  would 
lead  to  a  neariy  constant  rate  of  increase  in  atmospheric  concentrations  for  at  least  two 
centuries,  reaching  about  500  ppmv  (approaching  twice  the  pre-industrial  concentration 
of  280  ppmv)  by  the  end  of  the  21  st  century. 


^  Climate  change  in  IPCC  Working  Group  1  usage  refers  to  any  change  in  climate  over  time  whether 
due  to  natural  variability  or  as  a  result  of  humem  activity.  This  differs  from  the  usage  in  the  Frcunework 
Convention  on  Climate  Change  where  Climate  Change  refers  to  a  chemge  of  climate  which  is  attributed 
directly  or  indirectly  to  human  activity  that  alters  the  composition  of  the  global  atmosphere  and  which 
is  in  addition  to  natural  climate  variability  observed  over  comparable  time  periods. 
^  A  simple  measure  of  the  importance  of  a  potential  climate  change  mechanism.  Radiative  forcing  is 
the  porlurbntion  to  the  energy  balance  of  the  Earlh-almosphere  system  (in  Watts  per  square  metre 
|Wm-2|).  " 
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•  A  range  of  carbon  cycle  models  indicates  that  stabilisation  of  atmospheric  CO2 
concentrations  at  450,  650  or  1 000  ppmv  could  be  achieved  only  if  global  anthropogenic 
CO2  emissions  drop  to  1990  levels  by,  respectively,  approximately  40,  110  or  240 
years  from  now,  and  drop  substantially  below  1 990  levels  subsequently. 

•  Any  eventual  stabilised  concentration  is  governed  more  by  the  accumulated  anthropogenic 
CO2  emissions  from  now  until  the  time  of  stabilisation,  than  by  the  way  those  emissions 
change  over  the  period.  This  means  that,  for  a  given  stabilised  concentration  value,  higher 
emissions  in  early  decades  require  lower  emissions  later  on.  Among  the  range  of 
stabilisation  cases  studied,  for  stabilisation  at  450,  650  or  1000  ppmv  accumulated 
anthropogenic  emissions  over  the  period  1991  to  2100  are  630  GtC\  1030  GtC,  and 
1410  GtC  respectively  (±  approximately  15%  in  each  case).  For  comparison  the 
corresponding  accumulated  emissions  for  IPCC  IS92  emission  scenarios  range  from  770  to 
2190  GtC 

•  Stabilisation  of  CH4  and  N2O  concentrations  at  today's  levels  would  involve  reductions  in 
anthropogenic  emissions  of  8%  and  more  than  50%  respectively. 

•  There  is  evidence  that  tropospheric  ozone  concentrations  in  the  Northem  Hemisphere  have 
increased  since  pre-industrial  times  because  of  human  activity  and  that  this  has  resulted 
in  a  positive  radiative  forcing.  This  forcing  is  not  yet  well  characterised,  but  it  is 
estimated  to  be  about  0.4  Wm-2  (15%  of  that  from  the  long-lived  greenhouse  gases). 
However  the  observations  of  the  most  recent  decade  show  that  the  upward  trend  has  slowed 
significantly  or  stopped. 

Anthropogenic  aerosols  tend  to  produce  negative  radiative  forcings 

•  Tropospheric  aerosols  (microscopic  airborne  particles)  resulting  from  combustion  of 
fossil  fuels,  biomass  burning  and  other  sources  have  led  to  a  negative  direct  forcing  of 
about  0.5  Wm"2.  as  a  global  average,  and  possibly  also  to  a  negative  indirect  forcing  of  a 
similar  magnitude.  While  the  negative  forcing  is  focused  in  particular  regions  and 
subcontinental  areas,  it  can  have  continental  to  hemispheric  scale  effects  on  climate 
pattems. 

•  Locally,  the  aerosol  forcing  can  be  large  enough  to  more  than  offset  the  positive  forcing  due 
to  greenhouse  gases. 

•  In  contrast  to  the  long-lived  greenhouse  gases,  anthropogenic  aerosols  are  very  short- 
lived in  the  atmosphere,  hence  their  radiative  forcing  adjusts  rapidly  to  increases  or 
decreases  in  emissions. 

Climate  has  changed  over  the  past  century 

At  any  one  location  year-to-year  variations  in  weather  can  be  large,  but  analyses  of 
meteorological  and  other  data  over  large  areas  and  over  periods  of  decades  or  more  have 
provided  evidence  for  some  important  systematic  changes. 

•  Global  mean  surface  air  temperature  has  increased  by  between  about  0.3  and  0.6°C  since 
the  late  1 9th  century  ;  the  additional  data  available  since  1 990  and  the  re-analyses  since 
then  have  not  significantly  changed  this  range  of  estimated  increase. 


'  1  <  ;i( '  -  1  I'illion  tonnes  ol  iMihon 
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•  Recent  years  have  been  among  the  warmest  since  1860,  i.e.,  in  the  period  of  instrumental 
record,  despite  the  cooling  effect  of  the  1 991  Mt.  Pinatubo  volcanic  eruption. 

•  Night-time  temperatures  over  land  have  generally  increased  more  than  daytime 
temperatures. 

•  Regional  changes  are  also  evident.  For  example,  the  recent  warming  has  been  greatest 
over  the  mid-latitude  continents  in  winter  and  spring,  with  a  few  areas  of  cooling,  such  as 
the  North  Atlantic  ocean.  Precipitation  has  increased  over  land  in  high  latitudes  of  the 
Northern  Hemisphere,  especially  during  the  cold  season. 

•  Global  sea  level  has  risen  by  between  1 0  and  25  cm  over  the  past,  1 00  years  and  much  of 
the  rise  may  be  related  to  the  increase  in  global  mean  temperature. 

•  There  are  Inadequate  data  to  determine  whether  consistent  global  changes  in  climate 
variability  or  weather  extremes  have  occurred  over  the  20th  Century.  On  regional  scales 
there  is  clear  evidence  of  changes  in  some  extremes  and  climate  varii  bility  indicators 
(e.g.,  fewer  frosts  in  several  widespread  areas;  an  increase  in  the  proportion  of  rainfall 
from  extreme  events  over  the  contiguous  states  of  the  USA).  Some  of  these  changes  have 
been  toward  greater  variability;  some  have  been  toward  lower  variability. 

•  The  1990  to  mid-1  ^95  persistent  warm-phase  of  the  El  Nino-Southern  Oscillation 
(which  causes  droughts  and  floods  in  many  areas)  was  unusual  in  the  context  of  the  last 
1 20  years. 

The  balance  of  evidence  suggests  a  discernible  human  influence  on 
global  climate 

Any  human-induced  effect  on  climate  will  be  superimposed  on  the  background  "noise"  of 
natural  climate  variability,  which  results  both  from  intemal  fluctuations  and  from  external 
causes  such  as  solar  variability  or  volcanic  eruptions.  Detection  and  attribution  studies 
attempt  to  distinguish  between  anthropogenic  and  natural  influences.  "Detection  of  change"  is 
the  process  of  demonstrating  that  an  observed  change  in  climate  is  highly  unusual  in  a 
statistical  sense,  but  does  not  provide  a  reason  for  the  change.  "Attribution"  is  the  process  of 
establishing  cause  and  effect  relations,  including  the  testing  of  competing  hypotheses. 

Since  the  1 990  IPCC  Report,  considerable  progress  has  been  made  in  attempts  to  distinguish 
between  natural  and  anthropogenic  influences  on  climate.  This  progress  has  been  achieved  by 
including  effects  of  sulphate  aerosols  in  addition  to  greenhouse  gases,  thus  leading  to  more 
realistic  estimates  of  humannnduced  radiative  forcing.  These  have  then  been  used  in  climate 
models  to  provide  more  complete  simulations  of  the  human-induced  climate-change  'signal'. 
In  addition,  new  simulations  with  coupled  atmosphere-ocean  models  have  provided  important 
information  about  decade  to  century  time-scale  natural  intemal  climate  variability.  A 
further  major  area  of  progress  is  the  shift  of  focus  from  studies  of  global-mean  changes  to 
comparisons  of  modelled  and  observed  spatial  and  temporal  patterns  of  climate  change. 

The  most  important  results  related  to  the  issues  of  detection  and  attribution  are: 

•  The  limited  available  evidence  from  proxy  climate  indicators  suggests  that  the  20th 
century  global  mean  temperature  is  at  least  as  warm  as  any  other  century  since  at  least 
1400  AD.  Data  prior  to  1400  are  too  sparse  to  allow  the  reliable  estimation  of  global 
mean  temperature. 
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•  Assessments  of  the  statistical  significance  of  the  observed  global  mean  surface  air 
temperature  trend  over  the  last  century  have  used  a  variety  of  new  estimates  of  natural 
internal  and  externally-forced  variability.  These  are  derived  from  instrumental  data, 
palaeodata,  simple  and  complex  climate  models,  and  statistical  models  fitted  to 
observations.  Most  of  these  studies  have  detected  a  significant  change  and  show  that  the 
observed  warming  trend  is  unlikely  to  be  entirely  natural  in  origin. 

•  More  convincing  recent  evidence  for  the  attribution  of  a  human  effect  on  climate  is 
emerging  from  pattern-based  studies,  in  which  the  modelled  climate  response  to  combined 
forcing  by  greenhouse  gases  and  anthropogenic  sulphate  aerosols  is  compared  with 
observed  geographical,  seasonal  and  vertical  patterns  of  atmospheric  temperature  change. 
These  studies  show  that  such  pattern  correspondences  increase  with  time,  as  one  would 
expect  as  an  anthropogenic  signal  increases  in  strength.  Furthermore,  the  probability  is 
very  low  that  these  correspondences  could  occur  by  chance  as  a  result  of  natural  internal 
variability  only.  The  vertical  patterns  of  change  are  also  inconsistent  with  tiose  expected 
for  solar  and  volcanic  forcing. 

•  Our  ability  to  quantify  the  human  influence  on  global  climate  is  currently  limited  because 
the  expected  signal  is  still  emerging  from  the  noise  of  natural  variability,  and  because 
there  are  uncertainties  in  key  factors.  These  include  the  magnitude  and  patterns  of  long 
term  natural  variability  and  the  time-evolving  pattern  of  forcing  by,  and  response  to, 
changes  in  concentrations  of  greenhouse  gases  and  aerosols,  and  land  surface  changes. 
Nevertheless,  the  balance  of  evidence  suggests  that  there  is  a  discernible  human  influence 
on  global  climate. 

Climate  is  expected  to  continue  to  change  in  the  future 

The  IPCC  has  developed  a  range  of  scenarios,  IS92a-f,  of  future  greenhouse  gas  and  aerosol 
•     precursor  emissions  based  on  assumptions  concerning  population  and  economic  growth,  land- 
use,  technological  changes,  energy  availability  and  fuel  mix  during  the  period  1990  to  2100. 
Through  understanding  of  the  global  carbon  cycle  and  of  atmospheric  chemistry,  these 
emissions  can  be  used  to  project  atmospheric  concentrations  of  greenhouse  gases  and  aerosols 
and  the  perturbation  of  natural  radiative  forcing.  Climate  models  can  then  be  used  to  develop 
projections  of  future  climate. 

•  The  increasing  realism  of  simulations  of  current  iand  past  climate  by  coupled  atmosphere- 
ocean  climate  models  has  increased  our  confidence  in  their  use  for  projection  of  future 
climate  change.  Important  uncertainties  remain,  but  these  have  been  taken  into  account  in 
the  full  range  of  projections  of  global  mean  temperature  and  sea  level  change. 

•  For  the  mid-range  IPCC  emission  scenario,  IS92a,  assuming  the  "best  estimate"  value  of 
climate  sensitivity^  and  including  the  effects  of  future  increases  in  aerosol,  models 
project  an  increase  in  global  mean  surface  air  temperature  relative  to  1 990  of  about  2°C 
by  2100.  This  estimate  is  approximately  one  third  lower  than  the  "best  estimate"  in 
1990.  This  is  due  primarily  to  lower  emission  scenarios  (particuiariy  for  CO2  and  the 
CFCs),  the  inclusion  of  the  cooling  effect  of  sulphate  aerosols,  and  improvements  in  the 
treatment  of  the  carbon  cycle.   Combining  the  lowest  IPCC  emission  scenario  (IS92c)  with 


'  In  IPCC  reports,  climate  sensitivity  usually  refers  to  the  long  term  (equilibrium)  change  in  global 
mciin  surface  temperature  following  a  doubling  of  atmospheric  equivalent  CO2  concentration.  More 
generally,  it  refers  to  the  equilibrium  change  in  surface  air  temperature  following  a  unit  change  in 
radialivo  forcing  ("C/Wm"^). 
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a  "low"  value  of  climate  sensitivity  and  including  the  effects  of  future  changes  in  aerosol 
concentrations  leads  to  a  projected  increase  of  about  1*C  by  2100.  The  corresponding 
projection  for  the  highest  IPCC  scenario  (IS92e)  combined  with  a  "high"  value  of  climate 
sensitivity  gives  a  warming  of  about  3.5*C  In  all  cases  the  average  rate  of  warming  would 
probably  be  greater  than  any  seen  in  the  last  10,000  years,  but  the  actual  annual  to 
decadal  changes  would  Include  considerable  natural  variability.  Regional  temperature 
changes  could  differ  substantially  from  the  global  qfiean  value.  Because  of  the  thermal 
inertia  of  the  oceans,  only  50-90%  of  the  eventual  equilibrium  temperature  change  would 
have  been  realised  by  2100  and  temperature  would  continue  to  increase  beyond  2100, 
even  if  concentrations  of  greenhouse  gases  were  stabilised  by  that  time. 

Average  sea  level  is  expected  to  rise  as  a  result  of  thermal  expansion  of  the  oceans  and 
melting  of  glaciers  and  ice-sheets.  For  the  IS92a  scenario,  assuming  the  "best  estimate" 
values  of  climate  sensitivity  and  of  ice  melt  sensitivity  to  warming,  and  including  the 
effects  of  future  changes  in  aerosol,  nvxlels  project  an  increase  in  sea  level  uf  about  50  cm 
from  the  present  to  2100.  This  estimate  is  approximately  25%  lower  than  the  "best 
estimate"  in  1990  due  to  the  lower  temperature  projection,  but  also  reflecting 
improvements  in  the  climate  and  ice  melt  models.  Combining  the  lowest  emission  scenario 
(IS92c)  with  the  "low*^  climate  and  ice  melt  sensitivities  and  including  aerosol  effects 
gives  a  projected  sea  level  rise  of  about  15  cm  from  the  present  to  2100.  The 
corresponding  projection  for  the  highest  emission  scenario  (IS92e)  combined  with  "high" 
climate  and  ice-melt  sensitivities  gives  a  sea  level  rise  of  about  95  cm  from  the  present  to 
2100.  Sea  level  would  continue  to  rise  at  a  similar  rate  in  future  centuries  beyond  2100, 
even  if  concentrations  of  greenhouse  gases  were  stabilised  by  that  time,  and  would  continue 
to  do  so  even  t>eyond  the  time  of  stabilisation  of  global  mean  temperature.  Regional  sea 
level  changes  may  differ  from  the  global  mean  value  owing  to  land  movement  and  ocean 
current  changes. 

Confidence  is  higher  in  the  hemispheric-to-continental  scale  projections  of  coupled 
atmosphere-ocean  climate  models  than  in  the  regional  projections,  where  confidence 
remains  low.  There  is  more  confidence  in  temperature  projections  than  hydrological 
changes. 

All  model  simulations,  whether  they  were  forced  with  increased  concentrations  of 
greenhouse  gases  and  aerosols  or  with  increased  concentrations  of  greenhouse  gases  alone, 
show  the  following  features:  greater  surface  wanming  of  the  land  than  of  the  sea  in  winter; 
a  maximum  surface  warming  in  high  northern  latitudes  in  winter,  littie  surface  warming 
over  the  Arctic  in  summer;  an  enhanced  global  mean  hydrological  cycle,  and  increased 
precipitation  and  soil  moisture  in  high  latitudes  in  winter.  All  these  changes  are 
associated  with  identifiable  physical  mechanisms. 

In  addition,  most  simulations  show  a  reduction  in  the  strength  of  the  north  Atlantic 
thermohaline  circulation  and  a  widespread  reduction  in  diurnal  range  of  temperature. 
These  features  too  can  be  explained  in  terms  of  identifiable  physical  mechanisms. 

The  direct  and  indirect  effects  of  anthropogenic  aerosols  have  an  important  effect  on  the 
projections.  Generally,  the  magnitudes  of  the  temperature  and  precipitation  changes  are 
smaller  when  aerosol  effects  are  represented,  especially  in  northern  mid-latitudes.  Note 
that  the  cooling  effect  of  aerosols  is  not  a  simple  offset  to  the  warming  effect  of  greenhouse 
gases,  but  significantly  affects  some  of  the  continental  scale  patterns  of  climate  change, 
most  noticeably  in  the  summer  hemisphere.  For  example,  models  that  consider  only  the 
effects  of  greenhouse  gases  generally  project  an  increase  In  precipitation  and  soil 
moisture  in  the  Asian  summer  monsoon  region,  whereas  models  that  Include,  In  addition, 
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some  of  the  effects  of  aerosols  suggest  that  monsoon  precipitation  may  decrease.  The 
spatial  and  temporal  distribution  of  aerosols  greatly  influence  regional  projections,  which 
are  therefore  more  uncertain. 

•  A  general  warming  is  expected  to  lead  to  an  increase  in  the  occurrence  of  extremely  hot 
days  and  a  decrease  in  the  occunrence  of  extremely  cold  days. 

•  Warmer  temperatures  will  lead  to  a  more  vigorous  hydrological  cycle;  this  translates  into 
prospects  for  more  severe  droughts  and/or  floods  in  some  places  and  less  severe  droughts 
and/or  floods  in  other  places.  Several  models  indicate  an  increase  in  precipitation 
intensity,  suggesting  a  possibility  for  more  extreme  rainfall  events.  Knowledge  is 
currently  insufficient  to  say  whether  there  will  be  any  changes'  in  the  occurrence  or 
geographical  distribution  of  severe  storms,  e.g.,  tropical  cyclones. 

•  Sustained  rapid  dimate  change  could  shift  the  competitive  balance  among  species  and  even 
lead  to  forest  dieback,  altering  the  terrestrial  uptake  and  release  of  carbon.  The  magnitude 
is  uncertain,  but  could  be  between  zero  and  200  GtC  over  the  next  one  to  two  centuries, 
depending  on  the  rate  of  climate  change. 

There  are  still  many  uncertainties 

Many  factors  currently  limit  our  ability  to  project  and  detect  future  climate  change.  In 
particular,  to  reduce  uncertainties  further  work  is  needed  on  the  following  priority  topics: 

•  estimation  of  future  emissions  and  biogeochemical  cycling  (including  sources  and  sinks)  of 
greenhouse  gases,  aerosols  and  aerosol  precursors  and  projections  of  future 
concentrations  and  radiative  properties. 

•  representation  of  climate  processes  in  models,  especially  feedbacks  associated  with  clouds, 
oceans,  sea  ice  and  vegetation,  in  order  to  improve  projections  of  rates  and  regional 
patterns  of  climate  change. 

•  systematic  collection  of  long-term  instrumental  and  proxy  observations  of  climate  system 
variables  (e.g.,  solar  output,  atmospheric  energy  balance  components,  hydrological 
cycles,  ocean  characteristics  and  ecosystem  changes)  for  the  purposes  of  model  testing, 
assessment  of  temporal  and  regional  variability  and  for  detection  and  attribution  studies. 

Future  unexpected,  large  and  rapid  climate  system  changes  (as  have  occurred  in  the  past)  are, 
by  their  nature  difficult  to  predict.  This  implies  that  future  climate  changes  may  also  involve 
"surprises".  In  particular  these  arise  from  the  non-linear  nature  of  the  climate  system. 
When  rapidly  forced,  non-linear  systems  are  especially  subject  to  unexpected  behaviour. 
Progress  can  be  made  by  investigating  non-linear  processes  and  sub-components  of  the 
climatic  system.  Examples  of  such  non-linear  behaviour  include  rapid  circulation  changes  in 
the  North  Atlantic  and  feedbacks  associated  with  terrestrial  ecosystem  changes. 
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Scieniific-Technical  Analyses  of  Impacts.  Adaptations,  and  Mitigation  of  Climate  Change 


1.  Scope  of  the  Assessment 

The  charge  to  Working  Group  H  of  the  Inlergovernmental 
Panel  on  Chmate  Change  (IPCC)  was  to  review  the  state  of 
knowledge  concerning  the  impacts  of  climate  change  on  phys- 
ical and  ecological  systems,  human  health,  and  socioeconomic 
sectors.  Working  Group  n  also  was  charged  with  reviewing 
available  information  on  the  technical  and  economic  feasibili- 
ty of  a  range  of  potential  adaptation  and  mitigation  strategies. 
This  assessment  provides  scientific,  technical,  and  economic 
information  that  can  be  used,  inter  alia,  in  evaluating  whether 
the  projected  range  of  plausible  impacts  constitutes  "dangerous 
anthropogenic  interference  with  the  climate  system."  as 
referred  to  in  Article  2  of  the  United  Nations  Framework 
Convention  on  Climate  Change  (UNFCCC),  and  In  evaluat- 
ing adaptation  and  mitigation  options  that  could  be  used  in 
progressing  towards  the  ultimate  objective  of  the  UNFCCC 
(see  Box  1). 


2. 


Nature  of  the  bsue 


Human  activities  are  increasing  the  atmospheric  concentrations 
of  greenhouse  gases — which  tend  to  warm  the  atmosphere — 
and.  in  some  regions,  aerosols — which  tend  to  cool  the  atmos- 
phere. These  changes  in  greenhouse  gases  and  aerosols,  taken 
together,  are  projected  to  lead  to  regional  and  global  changes  in 
climate  and  climate-related  parameters  such  as  temperature. 


Box  1.  Ultimate  Objective  of  the  UNFCCC  (Article  2) 

"...stabilization  of  greenhouse  gas  concentrations  in  the 
atmosphere  at  a  level  that  would  prevent  dangerous 
anthropogenic  interference  with  the  climate  system. 
Such  a  level  should  be  achieved  within  a  time  frame 
sufncient  to  allow  ecosystems  to  adapt  naturally  to 
climate  change,  to  ensure  that  food  production  is  not 
threatened,  and  to  enable  economic  development  to 
proceed  in  a  sustainable  manner." 


precipitation,  soil  moisture,  and  sea  level.  Based  on  the  range 
of  sensitivities  of  climate  to  increases  in  greenhouse  gas  con- 
centrations reported  by  IPCC  Working  Group  I  and  plausible 
ranges  of  emissions  (IPCC  IS92;  see  Table  I),  climate  models, 
taking  into  account  greenhouse  gases  and  aerosols,  project  an 
increase  in  global  mean  surface  temperature  of  about  l-3.5°C 
by  21(X),  and  an  associated  increase  in  sea  level  of  about  15-95 
cm.'  The  reliability  of  regional -scale  predictions  is  still  low, 
and  the  degree  to  which  climate  variability  may  change  is 
uncertain.  However,  potentially  serious  changes  have  been 
identified,  including  an  increase  in  some  regions  in  the  inci- 
dence of  extreme  high-temperature  events,  floods,  and 
droughts,  with  resultant  consequences  for  fires,  pest  outbreaks, 
and  ecosystem  composition,  structure,  and  functioning,  includ- 
ing primary  productivity. 


Table  I:  Summary  of  assumptions  in  the  six  IPCC  1992  alternative  scenarios. 


Population 


Economic  Growth 


Energy  Supplies 


World  Bank  1991 
11.3  billion  by  21  (X) 


1990-2025:  2.9% 
1990-2100:  2.3% 


12,000  EJ  conventional  oil 

1 3,000  EJ  natural  gas 

Solar  costs  fall  to  $0.075/kWh 

191  EJ  of  biofuels  available  at  $70/barrel» 


UN  Medium-Low  Case 
6.4  billion  by  2100 


1990-2025:  2.0%  8.000  EJ  conventional  oil 

1990-2100:   1.2%  7,300  EJ  natural  gas 

Nuclear  costs  decline  by  0.4%  annually 


UN  Medium-Low  Case 
6.4  billion  by  2100 


1990-2025:2.7%  Oil  and  gas  same  as  IS92c 

1990-2100:  2.0%  Solar  costs  fall  to  $0.065/kWh 

272  EI  of  biofuels  available  at  $50/baiTel 


IS92e 


World  Bank  1991 
11.3  billion  by  2100 


1990-2025:  3.5% 
1990-2100:  3.0% 


18,400  EI  conventional  oil 
Gas  same  as  IS92a,b 
Phase  out  nuclear  by  2075 


UN  Medium-High  Case 
17.6  billion  by  2100 


1990-2025:  2.9% 
1990-2100:  2.3% 


Oil  and  gas  same  as  IS92e 
Solar  costs  fall  to  $0.083/kWh 
Nuclear  costs  increase  to  $0.09/kWh 


"Approximate  conversion  factor:    I  barrel  =  6  GJ. 

Source:    IPCC.  1992:  Climate  Change  1992:    The  Supplementary  Report  to  the  IPCC  Scientific  Assessment.  Section  A3. 
prepared  by  IPCC  Working  Group  I  [J.T.  Houghton,  B.A.  Callander,  and  S.K.  Varney  (eds.))  and  WMOAJNEP  Cambridge 
University  Press,  Cambridge.  UK.  200  pp. 
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Human  health,  terrestrial  and  aquatic  ecological  systems,  and 
socioeconomic  systems  (eg.,  agriculture,  forestry,  fisheries, 
and  water  resources)  are  all  vital  to  human  development  and 
well-being  and  are  all  sensitive  to  changes  in  climate.  Whereas 
many  regions  are  likely  to  experience  the  adverse  effects  of  cli- 
mate change — some  of  which  are  potentially  irreversible — 
some  effects  of  climate  change  are  likely  to  be  beneficial. 
Hence,  different  segments  of  society  can  expect  to  confront  a 
variety  of  changes  and  the  need  to  adapt  to  them. 

Policymakers  are  faced  with  responding  to  the  risks  posed  by 
anthropogenic  emissions  of  greenhouse  gases  in  the  face  of 
significant  scientific  uncertainties.  It  is  appropriate  to  con- 
sider these  uncertainties  in  the  context  of  information  indi- 
cating that  climate-induced  environmental  changes  cannot 
be  reversed  quickly,  if  at  all,  due  to  the  long  time  scales 
associated  with  the  climate  system  (see  Box  2).  Decisions 
taken  during  the  next  few  years  may  limit  the  range  of  pos- 
sible policy  options  in  the  future  because  high  near-term 
emissions  would  require  deeper  reductions  in  the  future  to 
meet  any  given  target  concentration.  Delaying  action  might 
reduce  the  overall  costs  of  mitigation  because  of  potential 
technological  advances  but  could  increase  both  the  rate  and 
the  eventual  magnitude  of  climate  change,  hence  the  adapta- 
tion and  damage  costs. 

Policymakers  will  have  to  decide  to  what  degcee  they  want 
to  take  precautionary  measures  by  mitigating  greenhouse  gas 
emissions  and  enhancing  the  resilience  of  vulnerable  sys- 
tems by  means  of  adaptation.  Uncertainty  does  not  mean  that 
a  nation  or  the  world  community  cannot  position  itself  better 
to  cope  with  the  broad  range  of  possible  climate  changes  or 
protect  against  potentially  costly  future  outcomes.  Delaying 
such  measures  may  leave  a  nation  or  the  world  poorly  pre- 
pared to  deal  with  adverse  changes  and  may  increase  the 
possibility   of  irreversible  or   very   costly   consequences. 


Box  2.  Time  Scales  of  Processes 
Influencing  (he  Climate  System 

Turnover  of  the  capital  stock  responsible  for  emis- 
sions of  greenhouse  gases:  Years  to  decades 
(without  premature  retirement) 
Stabilization  of  atmospheric  concentrations  of  long- 
lived  greenhouse  gases  given  a  stable  level  of 
greenhouse  gas  emissions:  Decades  to  millennia 
Equilibration  of  the  climate  system  given  a  stable 
level  of  greenhouse  gas  concentrations: 
Decades  to  centuries 

Equilibration  of  sea  level  given  a  stable  climate: 
Centuries 

Restoration/rehabilitation  of  damaged  or  disturbed 
ecological  systems:  Decades  to  centuries 
(some  changes,  such  as  species  extinction,  are 
irreversible,  and  it  may  be  impossible  to  recon- 
struct and  reestablish  some  disturbed  ecosystems) 


Options  for  adapting  to  change  or  mitigating  change  that  can 
be  justified  for  other  reasons  today  (eg.  abatement  of  air 
and  water  pollution)  and  make  society  more  Hexible  or 
resilient  to  anticipated  adverse  effects  of  climate  change 
appear  particularly  desirable. 


3.  Vulnerability  to  Climate  Change 

Article  2  of  the  UNFCCC  explicitly  acknowledges  the  impor- 
tance of  natural  ecosystems,  food  production,  and  sustainable 
economic  development.  This  report  addresses  the  potential 
sensitivity,  adaptability,  and  vulnerability  of  ecological  and 
socioeconomic  systems — including  hydrology  and  water 
resources  management,  human  infrastructure,  and  human 
health — to  changes  in  climate  (see  Box  3). 

Human-induced  climate  change  adds  an  important  new 
stress.  Human-induced  climate  change  represents  an  important 
additional  stress,  particularly  to  the  many  ecological  and 
socioeconomic  systems  already  affected  by  pollution,  increas- 
ing resource  demands,  and  nonsustainable  management  prac- 
tices. The  most  vulnerable  systems  are  those  with  the  greatest 
sensitivity  to  climate  changes  and  the  least  adaptability. 

Most  systems  are  sensitive  to  climate  change.  Natural  eco- 
logical systems,  socioeconomic  systems,  and  human  health  are 
all  sensitive  to  both  the  magnitude  and  the  rate  of  climate 
change. 

Impacts  are  difTicult  to  quantify,  and  existing  studies  are 
limited  in  scope.  Although  our  knowledge  has  increased  sig- 
nificantly during  the  last  decade,  and  qualitative  estimates  can 
be  developed,  quantitative  projections  of  the  impacts  of  cli- 
mate change  on  any  particular  system  at  any  particular  location 
are  difficult  because  regional-scale  climate  change  predictions 
are  uncertain;  our  current  understanding  of  many  critical 
processes  is  limited;  and  systems  are  subject  to  multiple  cli- 
matic and  non<limatic  stresses,  the  interactions  of  which  are 
not  always  linear  or  additive.  Most  impact  studies  have 
assessed  how  systems  would  respond  to  climate  change  result- 
ing from  an  arbitfary  doubling  of  equivalent  atmospheric  car- 
bon dioxide  (CO2)  concentrations.  Furthermore,  very  few 
studies  have  considered  dynamic  responses  to  steadily  increas- 
ing concentfations  of  greenhouse  gases;  fewer  still  have  exam- 
ined the  consequences  of  increases  beyond  a  doubling  of 
equivalent  atmospheric  CO2  concentrations  or  assessed  the 
implications  of  multiple  stress  factors. 

Successful  adaptation  depends  upon  technological  advances, 
institutional  arrangements,  availability  of  flnancing,  and 
information  exchange.  Technological  advances  generally  have 
increased  adaptation  options  for  managed  systems  such  as  agri- 
culture and  water  supply.  However,  many  regions  of  the  world 
currently  have  limited  access  to  these  technologies  and  appro- 
priate information.  The  efficacy  and  cost-effective  use  of  adap- 
tation strategies  will  depend  upon  the  availability  of  finan- 
cial resources,  technology  transfer,  and  cultural,  educational. 
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Box  3.  Sensitivity,  Adaptability,  and  Vulnerability 

Sensitivity  is  the  degree  lo  which  a  system  will  respond 
to  a  change  In  climatic  conditions  (e.g..  the  extent  of 
change  in  ecosystem  composition,  structure,  and  func- 
tioning, including  primary  productivity,  resulting  from 
a  given  change  in  temperature  or  precipitation). 

Adaptability  refers  to  the  degree  to  which  adjustments 
are  possible  in  practices,  processes,  or  structures  of 
systems  to  projected  or  actual  changes  of  climate. 
Adaptation  can  be  spontaneous  or  planned,  and  can  be 
carried  out  in  response  to  or  in  anticipation  of  changes 
in  conditions. 

Vulnerability  defines  the  extent  to  which  climate 
change  may  damage  or  harm  a  system.  It  depends  not 
only  on  a  system's  sensitivity  but  also  on  its  ability  to 
adapt  to  new  climatic  conditions. 

Both  the  magnitude  and  the  rate  of  climate  change  are 
important  in  determining  the  sensitivity,  adaptability, 
and  vulnerability  of  a  system. 


managerial,  institutional,  legal,  and  regulatory  practices,  both 
domestic  and  international  in  scope.  Incorporating  climate- 
change  concerns  into  resource-use  and  development  decisions 
and  plans  for  regularly  scheduled  investments  in  infrastructure 
will  facilitate  adaptation. 

Vulnerability  increases  as  adaptive  capacity  decreases.  The 

vulnerability  of  human  health  and  socioeconomic  systems — 
and,  lo  a  lesser  extent,  ecological  systems — depends  upon  eco- 
nomic circumstances  and  Institutional  Infrastructure.  This 
implies  that  systems  typically  are  more  vulnerable  in  develop- 
ing countries  where  economic  and  institutional  circumstances 
are  less  favorable.  People  who  live  on  arid  or  semi-arid  lands, 
in  low-lying  coastal  areas,  in  water-limited  or  flood-prone 
areas,  or  on  small  islands  are  particularly  vulnerable  to  climate 
change.  Some  regions  have  become  more  vulnerable  to  haz- 
ards such  as  storms,  floods,  and  droughts  as  a  result  of  increas- 
ing population  density  in  sensitive  areas  such  as  river  basins 
and  coastal  plains.  Human  activities,  which  fragment  many 
landscapes,  have  increased  the  vulnerability  of  lightly  man- 
aged and  unmanaged  ecosystems.  Fragmentation  limits  natural 
adaptation  potential  and  the  potential  effectiveness  of  measures 
to  assist  adaptation  In  these  systems,  such  as  the  provision  of 
migration  corridors.  A  changing  climate's  near-term  effects  on 
ecological  and  socioeconomic  systems  most  likely  will  result 
from  changes  In  the  intensity  and  seasonal  and  geographic  dis- 
tribution of  common  weather  hazards  such  as  storms,  floods, 
and  droughts.  In  most  of  these  examples,  vulnerability  can  be 
reduced  by  strengthening  adaptive  capacity. 

Detection  will  be  difTicull,  and  unexpected  changes  cannot 
be   ruled   out     Unambiguous   detection   of  climate-induced 


changes  in  most  ecological  and  social  systems  will  prove 
extremely  difficult  in  the  coming  decades.  This  is  because  of 
the  complexity  of  these  systems,  their  many  non-linear  feed- 
backs, and  their  sensitivity  to  a  large  number  of  climatic  and 
non-climatic  factors,  all  of  which  are  expected  to  continue  to 
change  simultaneously.  The  development  of  a  baseline  project- 
ing future  conditions  without  climate  change  is  crucial,  for  it  is 
this  baseline  against  which  all  projected  impacts  are  measured. 
As  future  climate  extends  beyond  the  boundaries  of  empirical 
knowledge  (i.e.,  the  documented  impacts  of  climate  variation 
in  the  past),  it  becomes  more  likely  that  actual  outcomes  will 
include  surprises  and  unanticipated  rapid  changes. 

Further  research  and  monitoring  are  essential.  Enhanced 
support  for  research  and  monitoring,  including  cooperative 
efforts  from  national,  international,  and  multi-lateral  institu- 
tions, is  essential  in  order  to  improve  significantly  regional- 
scale  climate  projections;  understand  the  responses  of  human 
health,  ecological,  and  socioeconomic  systems  to  changes  in 
climate  and  other  stress  factors;  and  improve  our  understanding 
of  the  efficacy  and  cost-effectiveness  of  adaptation  strategies. 


3. 1.         Terrestrial  and  Aquatic  Ecosystems 

Ecosystems  contain  the  Earth's  entire  reservoir  of  genetic  and 
species  diversity  and  provide  many  goods  and  services  critical 
10  Individuals  and  societies.  These  goods  and  services  include 
(i)  providing  food,  fiber,  medicines,  and  energy;  (11)  processing 
and  storing  carbon  and  other  nutrients;  (iii)  assimilating 
wastes,  purifying  water,  regulating  water  runoff,  and  control- 
ling floods,  soil  degradation,  and  beach  erosion;  and  (Iv)  pro- 
viding opponunltles  for  recreation  and  tourism.  These  systems 
and  the  functions  they  provide  are  sensitive  to  the  rate  and 
extent  of  changes  In  climate.  Figure  1  illustrates  that  mean 
annual  temperature  and  mean  annual  precipitation  can  be  cor- 
related with  the  distribution  of  the  worid's  major  blomes. 

The  composition  and  geographic  distribution  of  many  ecosys- 
tems will  shift  as  individual  species  respond  to  changes  in  cli- 
mate; there  will  likely  be  reductions  in  biological  diversity  and 
in  the  goods  and  services  that  ecosystems  provide  society. 
Some  ecological  systems  may  not  reach  a  new  equilibrium  for 
several  centuries  after  the  climate  achieves  a  new  balance. 

Forests.  Models  project  that  a  sustained  increase  of  l°C  in  glob- 
al mean  temperature  Is  sufficient  to  cause  changes  In  regional 
climates  that  will  affect  the  growth  and  regeneration  capacity  of 
forests  in  many  regions.  In  several  instances  this  will  alter  the 
function  and  composition  of  forests  significantly.  As  a  conse- 
quence of  possible  changes  in  temperature  and  water  availabili- 
ty under  doubled  equivalenl-COj  equilibrium  conditions,  a  sub- 
stantial fraction  (a  global  average  of  one-third,  varying  by  region 
from  one-seventh  to  two-thirds)  of  the  existing  forested  area  of 
the  world  will  undergo  major  changes  in  broad  vegetation 
types — with  the  greatest  changes  occurring  in  high  latitudes  and 
the  least  in  the  tropics  Climate  change  Is  expected  to  occur  at  a 
rapid  rate  relative  to  the  speed  at  which  forest  species  grow. 
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Figure  1:  This  figure  illusiraies  that  mean  annual  lemperalure 
and  mean  annual  precipitation  can  be  correlated  with  the  distribu- 
tion of  the  world's  major  biomes.  While  the  role  of  these  annual 
means  in  affecting  this  distribution  is  important,  it  should  be  noted 
that  the  distribution  of  biomes  may  also  strongly  depend  on  sea- 
sonal factors  such  as  the  length  of  the  dry  season  or  the  lowest 
absolute  minimum  temperature,  on  soil  properties  such  as  water- 
holding  capacity,  on  land-use  history  such  as  agriculture  or  graz- 
ing, and  on  disturbance  regimes  such  as  the  frequency  of  fire. 


reprcxiuce,  and  reestablish  themselves.  For  mid-latitude  regions, 
a  global  average  warming  of  1-3. 5°C  over  the  next  100  years 
would  be  equivalent  to  a  poleward  shift  of  the  present  isotherms 
by  approximately  150-550  km  or  an  altitude  shift  of  about 
150-550  m;  in  low  latitudes,  temperatures  would  generally  be 
increased  to  higher  levels  than  now  exist.  This  compares  to  past 
tree  species  migration  rales  that  are  believed  to  be  on  the  order 
of  4-200  km  per  century.  Therefore,  the  species  composition  of 
forests  is  likely  to  change;  entire  forest  types  may  disappear, 
while  new  assemblages  of  species,  hence  new  ecosystems,  may 
be  established.  Figure  2  depicts  potential  distribution  of  biomes 
under  current  and  a  doubled  equivalent-COj  climate.  Although 
net  primary  productivity  could  increase,  the  standing  biomass  of 
forests  may  not  because  of  more  frequent  outbreaks  and  extend- 
ed ranges  of  pests  and  pathogens,  and  increasing  frequency  and 
intensity  of  fires.  Large  amounts  of  carbon  could  be  released  into 
the  atmosphere  during  transitions  from  one  forest  type  to  anoth- 
er because  the  rate  at  which  carbon  can  be  lost  during  times  of 
high  forest  mortality  is  greater  than  the  rate  at  which  it  can  be 
gained  through  growth  to  maturity. 

Rangclands.  In  tropical  rangelands,  mean  temperature  increas- 
es should  not  lead  to  major  alterations  in  productivity  and 


species  composition,  but  altered  rainfall  amount  and  seasonal- 
ity and  increased  evapotranspiration  will.  Increases  in  atmos- 
pheric CO2  concentration  may  raise  the  carbon-to-nitrogen 
ratio  of  forage  for  herbivores,  thus  reducing  its  food  value. 
Shifts  in  temperature  and  precipitation  in  temperate  rangelands 
may  result  in  altered  growing  seasons  and  boundary  shifts 
between  grasslands,  forests,  and  shrublands. 

Deserts  and  DesertificatioD.  Deseru  are  likely  to  become 
more  extreme — in  that,  with  few  exceptions,  they  are  project- 
ed to  become  hotter  but  not  significantly  wetter.  Temperature 
increases  could  be  a  threat  to  organisms  that  exist  near  their 
heat-tolerance  limits.  The  impacts  on  water  balance,  hydrolo- 
gy, and  vegetation  are  uncertain.  Desertification,  as  defined  by 
the  UN  Convention  to  Combat  Desertification,  is  land  degra- 
dation in  arid,  semi-arid,  and  dry  sub-humid  areas  resulting 
from  various  factors,  including  climatic  variations  and  human 
activities.  Desertification  is  more  likely  to  become  irreversible 
if  the  environment  becomes  drier  and  the  soil  becomes  further 
degraded  through  erosion  and  compaction.  Adaptation  to 
drought  and  desertification  may  rely  on  the  development  of 
diversified  production  systems. 

Cryosphere.  Models  project  that  between  one-third  and  one- 
half  of  existing  mountain  glacier  mass  could  disappear  over  the 
next  100  years.  The  reduced  extent  of  glaciers  and  depth  of 
snow  cover  also  would  affect  the  seasonal  distribution  of  river 
flow  and  water  supply  for  hydroelectric  generation  and  agricul- 
ture. Anticipated  hydrological  changes  and  reductions  In  the 
areal  extent  and  depth  of  permafrost  could  lead  to  large-scale 
damage  to  infrastructure,  an  additional  flux  of  CO2  into  the 
atmosphere,  and  changes  in  processes  that  contribute  to  the  flux 
of  methane  (CHj)  into  the  atmosphere.  Reduced  sea-ice  extent 
and  thickness  would  increase  the  seasonal  duration  of  naviga- 
tion on  rivers  and  in  coastal  areas  that  are  presently  affected  by 
seasonal  ice  cover,  and  may  increase  navigability  in  the  Arctic 
Ocean.  Little  change  in  the  extent  of  the  Greenland  and 
Antarctic  ice  sheets  is  expected  over  the  next  50-100  years. 

Mountain  Regions.  The  projected  decrease  in  the  extent  of 
mountain  glaciers,  permafrost,  and  snow  cover  caused  by  a 
warmer  climate  will  affect  hydrologic  systems,  soil  stability, 
and  related  socioeconomic  systems.  The  altitudinal  distribution 
of  vegetation  is  projected  to  shift  to  higher  elevation;  some 
species  with  climatic  ranges  limited  to  mountain  tops  could 
become  extinct  because  of  disappearance  of  habitat  or  reduced 
migration  potential.  Mountain  resources  such  as  food  and  fuel 
for  indigenous  populations  may  be  disrupted  in  many  develop- 
ing countries.  Recreational  industries — of  increasing  econom- 
ic importance  to  many  regions — also  are  likely  to  be  disrupted. 

Lakes,  Streams,  and  Wetlands.  Inland  aquatic  ecosystems 
will  be  influenced  by  climate  change  through  altered  water 
temperatures,  flow  regimes,  and  water  levels.  In  lakes  and 
streams,  warming  would  have  the  greatest  biological  effects  at 
high  latitudes,  where  biological  productivity  would  increase, 
and  at  the  low-latitude  boundaries  of  cold-  and  cool-water 
species  ranges,  where  extinctions  would  be  greatest  Wanning 
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of  larger  and  deeper  temperate  zone  lakes  would  increase  their 
productivity;  although  in  some  shallow  lakes  and  in  streams, 
warming  could  increase  the  likelihood  of  anoxic  conditions. 
Increases  in  flow  variability,  particularly  the  frequency  and 
duration  of  large  floods  and  droughts,  would  tend  to  reduce 
water  quality  and  biological  productivity  and  habitat  in 
streams.  Water-level  declines  will  be  most  severe  in  lakes  and 
streams  in  dry  evaporative  drainages  and  in  basins  with  small 
catchments.  The  geographical  distribution  of  wetlands  is  likely 
lo  shift  with  changes  in  temperature  and  precipitation.  There 
will  be  an  impact  of  climate  change  on  greenhouse  gas  release 
from  non-tidal  wetlands,  but  there  is  uncertainty  regarding  the 
exact  effects  from  site  to  site. 

Coastal  Systems.  Coastal  systems  are  economically  and  eco- 
logically important  and  are  expected  to  vary  widely  in  their 
response  to  changes  in  climate  and  sea  level.  Climate  change  and 
a  rise  in  sea  level  or  changes  in  storms  or  storm  surges  could 
result  in  the  erosion  of  shores  and  associated  habitat,  increased 
salinity  of  estuaries  and  freshwater  aquifers,  altered  tidal  ranges 
in  rivers  and  bays,  changes  in  sediment  and  nutrient  transport,  a 
change  in  the  pattern  of  chemical  and  irucrobiological  contami- 
nation in  coastal  areas,  and  increased  coastal  flooding.  Some 
coastal  ecosystems  are  particularly  at  risk,  including  saltwater 
marshes,  mangrove  ecosystems,  coastal  wetlands,  coral  reefs, 
coral  atolls,  and  river  deltas.  Changes  in  these  ecosystems  would 
have  major  negative  effects  on  tourism,  freshwater  supplies, 
fisheries,  and  biodiversity.  Such  impacts  would  add  to  modifica- 
tions in  the  functioning  of  coastal  oceans  and  inland  waters  that 
already  have  resulted  from  pollution,  physical  modification,  and 
material  inputs  due  to  human  activities. 

Oceans.  Climate  change  will  lead  to  changes  in  sea  level, 
increasing  it  on  average,  and  also  could  lead  to  altered  ocean 
circulation,  vertical  mixing,  wave  climate,  and  reductions  in 
sea-ice  cover.  As  a  result,  nutrient  availability,  biological  pro- 
ductivity, the  structure  and  functions  of  marine  ecosystems, 
and  heat  and  carbon  storage  capacity  may  be  affected,  with 
important  feedbacks  to  the  climate  system.  These  changes 
would  have  implications  for  coastal  regions,  fisheries,  tourism 
and  recreation,  transport,  off-shore  structures,  and  communica- 
tion. Paleoclimatic  data  and  model  experiments  suggest  that 
abrupt  climatic  changes  can  occur  if  freshwater  influx  from  the 
movement  and  melting  of  sea  ice  or  ice  sheets  significantly 
weakens  global  thermohaline  circulation. 


3.2.         Hydrology  and  Water  Resources  Management 

Climate  change  will  lead  to  an  intensification  of  the  global 
hydrological  cycle  and  can  have  major  impacts  on  regional 
water  resources.  A  change  in  the  volume  and  distribution  of 
water  will  affect  both  ground  and  surface  water  supply  for 
domestic  and  industrial  uses,  irrigation,  hydropower  generation, 
navigation,  instream  ecosystems,  and  water-based  recreation. 

Changes  in  the  total  amount  of  precipitation  and  in  its  fre- 
quency and  intensity  directly  affect  the  magnitude  and  timing 


of  runoff  and  the  intensity  of  floods  and  droughts;  however, 
at  present,  specific  regional  effects  are  uncertain.  Relatively 
small  changes  in  temperature  and  precipitation,  together  with 
the  non-linear  effects  on  evapotranspiration  and  soil  mois- 
ture, can  result  in  relatively  large  changes  in  runoff,  especial- 
ly in  arid  and  semi-arid  regions  High-latitude  regions  may 
experience  increased  runoff  due  to  increased  precipitation, 
whereas  runoff  may  decrease  at  lower  latitudes  due  lo  the 
combined  effects  of  increased  evapotranspiration  and 
decreased  precipitation.  More  intense  rainfall  would  tend  to 
increase  runoff  and  the  risk  of  flooding,  although  this  would 
depend  not  only  on  the  change  in  rainfall  but  also  on  catch- 
ment physical  and  biological  characteristics.  A  warmer  cli- 
mate could  decrease  the  proportion  of  precipitation  falling  as 
snow,  leading  to  reductions  in  spring  runoff  and  increases  in 
winter  runoff. 

The  quantity  and  quality  of  water  supplies  already  are  serious 
problems  today  in  many  regions,  including  some  low-lying 
coastal  areas,  deltas,  and  small  islands,  making  countries  in 
these  regions  particularly  vulnerable  to  any  additional  reduc- 
tion in  indigenous  water  supplies.  Water  availability  currently 
falls  below  1,000  m'  per  person  per  year — a  common  bench- 
mark for  water  scarcity — in  a  number  of  countries  (e.g., 
Kuwait,  Jordan,  Israel,  Rwanda,  Somalia,  Algeria,  Kenya)  or  is 
expected  to  fall  below  this  benchmark  in  the  next  2  to  3 
decades  (e.g.,  Libya,  Egypt,  South  Africa,  Iran,  Ethiopia).  In 
addition,  a  number  of  countries  in  conflict-prone  areas  are 
highly  dependent  on  water  originating  outside  their  borders 
(e.g.,  Cambodia,  Syria.  Sudan,  Egypt,  Iraq). 

The  impacts  of  climate  change  will  depend  on  the  baseline 
condition  of  the  water  supply  system  and  the  ability  of  water 
resource  managers  to  respond  not  only  to  climate  change  but 
also  lo  population  growth  and  changes  in  demands,  technolo- 
gy, and  economic,  social,  and  legislative  conditions.  In  some 
cases — particularly  in  wealthier  countries  with  integrated 
water-management  systems — improved  management  may 
protect  water  users  from  climate  change  at  minimal  cost;  in 
many  others,  however,  there  could  be  substantial  economic, 
social,  and  environmental  costs,  particularly  in  regions  that 
already  are  water-limited  and  where  there  is  a  considerable 
competition  among  users.  Experts  disagree  over  whether 
water  supply  systems  will  evolve  substantially  enough  in  the 
future  to  compensate  for  the  anticipated  negative  impacts  of 
climate  change  on  water  resources  and  for  potential  increases 
in  demand. 

Options  for  dealing  with  the  possible  impacts  of  a  changed 
climate  and  increased  uncertainty  about  future  supply  and 
demand  for  freshwater  include  more  efficient  management  of 
existing  supplies  and  infrastructure;  institutional  arrange- 
ments lo  limit  future  demands/promote  conservation; 
improved  monitoring  and  forecasting  systems  for 
fioods/droughts;  rehabilitation  of  watersheds,  especially  in 
the  tropics;  and  construction  of  new  reservoir  capacity  to  cap- 
ture and  store  excess  Hows  produced  by  altered  patterns  of 
snowmcit  and  storms. 
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3.3. 


Food  and  Fiber 


Agriculture.  Crop  yields  and  changes  in  productivity  due  to 
climate  change  will  vary  considerably  across  regions  and 
among  localities,  thus  changing  the  patterns  of  production. 
Productivity  is  projected  to  increase  in  some  areas  and 
decrease  in  others,  especially  the  tropics  and  subtropics 
(Table  2).  However,  existing  studies  show  that  on  the  whole 
global  agricultural  production  could  be  maintained  relative 
to  baseline  production  in  the  face  of  climate  change  modeled 
by  general  circulation  models  (GCMs)  at  doubled  equiva- 
Ient-C02  equilibrium  conditions,  but  that  regional  effects 
would  vary  widely.  This  conclusion  takes  into  account  the 
benencial  effects  of  COj  fertilization,  but  does  not  allow  for 
changes  in  agricultural  pests  and  the  possible  effects  of 
changing  climatic  variability. 

Focusing  on  global  agricultural  production  does  not  address  the 
potentially  serious  consequences  of  large  differences  at  local  and 
regional  scales,  even  at  mid-latitudes.  There  may  be  increased 
risk  of  hunger  and  famine  in  some  locations;  many  of  the  world's 
poorest  people — particularly  those  living  in  subU'opical  and 
tropical  areas,  and  dependent  on  isolated  agricultural  systems  in 
setni-arid  and  arid  regions — are  most  at  risk  of  increased  hunger. 
Many  of  these  at-risk  populations  are  found  in  sub-Saharan 
Africa:  south,  east,  and  southeast  Asia;  and  Uopical  areas  of 
Latin  America,  as  well  as  some  Pacific  island  nations. 

Adaptation — such  as  changes  in  crops  and  crop  varieties, 
improved  water-management  and  irrigation  systems,  and 
changes  in  planting  schedules  and  tillage  practices — will  be 
important  in  limiting  negative  effects  and  taking  advantage  of 
beneficial  changes  in  climate.  The  extent  of  adaptation  depends 
on  the  affordability  of  such  measures,  particularly  in  develop- 
ing countries;  access  to  know-how  and  technology;  the  rate  of 
climate  change;  and  biophysical  constraints  such  as  water 
availability,  soil  characteristics,  and  crop  genetics.  The  incre- 
mental costs  of  adaptation  strategies  could  create  a  serious  bur- 
den for  developing  countries;  some  adaptation  strategies  may 
result  in  cost  savings  for  some  countries.  There  are  significant 
uncertainties  about  the  capacity  of  different  regions  to  adapt 
successfully  to  projected  climate  change. 

Livestock  production  may  be  affected  by  changes  in  grain 
prices  and  rangeland  and  pasture  productivity.  In  general,  analy- 
ses-indicate that  intensively  managed  livestock  systems  have 
more  potential  for  adaptation  than  crop  systems.  This  may  not 
be  the  case  in  pastoral  systems,  where  the  rate  of  technology 
adoption  is  slow  and  changes  in  technology  are  viewed  as  risky. 

Forest  Products.  Global  wood  supplies  during  the  next  cen- 
tury may  become  increasingly  inadequate  to  meet  projected 
consumption  due  to  both  climatic  and  non-climatic  factors. 
Boreal  forests  are  likely  to  undergo  irregular  and  large-scale 
losses  of  living  trees  because  of  the  impacts  of  projected  cli- 
mate change.  Such  losses  could  initially  generate  additional 
wood  supply  from  salvage  harvests,  but  could  severely  reduce 
standing  stocks  and  wood-product  availability  over  the  long 


term.  The  exact  liming  and  extent  of  this  pattern  is  uncertain. 
Climate  and  land-use  impacts  on  the  production  of  temperate 
forest  products  are  expected  to  be  relatively  small.  In  tropical 
regions,  the  availability  of  forest  products  is  projected  to 
decline  by  about  half  for  non-climatic  reasons  related  to 
human  activities. 

Fisheries.  Climate-change  effects  interact  with  those  of  perva- 
sive overfishing,  diminishing  nursery  areas,  and  extensive 
inshore  and  coastal  pollution.  Globally,  marine  fisheries  pro- 
duction is  expected  to  remain  about  the  same;  high-latitude 
freshwater  and  aquaculture  production  are  likely  to  increase, 
assuming  that  natural  climate  variability  and  the  sUoicture  and 
strength  of  ocean  currents  remain  about  the  same.  The  princi- 
pal impacts  will  be  felt  at  the  national  and  local  levels  as 
species  mix  and  centers  of  production  shift.  The  positive 
effects  of  climate  change — such  as  longer  growing  seasons, 
lower  natural  winter  monality,  and  faster  growth  rates  in  high- 
er latitudes — may  be  offset  by  negative  factors  such  as  changes 
in  established  reproductive  patterns,  migration  routes,  and 
ecosystem  relationships. 


3.4.         Human  Infrastructure 

Climate  change  and  resulting  sea-level  rise  can  have  a  number 
of  negative  impacts  on  energy,  industry,  and  transportation 
infrastructure;  human  settlements;  the  property  insurance 
industry;  tourism;  and  cultural  systems  and  values. 

In  general,  the  sensitivity  of  the  energy,  industry,  and  trans- 
portation sectors  is  relatively  low  compared  to  that  of  agricul- 
tural or  natural  ecosystems,  and  the  capacity  for  adaptation 
through  management  and  normal  replacement  of  capital  is 
expected  to  be  high.  However,  infrastructure  and  activities  in 
these  sectors  would  be  susceptible  to  sudden  changes,  surpris- 
es, and  increased  frequency  or  intensity  of  extreme  events.  The 
subsectors  and  activities  most  sensitive  to  climate  change 
include  agroindusu^,  energy  demand,  production  of  renewable 
energy  such  as  hydroelectricity  and  biomass,  construction, 
some  transportation  activities,  existing  flood  mitigation  struc- 
tures, and  transportation  infrastructure  located  in  many  areas, 
including  vulnerable  coastal  zones  and  permafrost  regions. 

Climate  change  clearly  will  increase  the  vulnerability  of 
some  coastal  populations  to  flooding  and  erosional  land  loss. 
Estimates  put  about  46  million  people  per  year  currently  at 
risk  of  flooding  due  to  storm  surges.  This  estimate  results 
from  multiplying  the  total  number  of  people  currently  living 
in  areas  potentially  affected  by  ocean  flooding  by  the  proba- 
bility of  flooding  at  these  locations  in  any  year,  given  the 
present  protection  levels  and  population  density.  In  the 
absence  of  adaptation  measures,  a  50-cm  sea-level  rise 
would  increase  this  number  to  about  92  million;  a  l-m  sea- 
level  rise  would  raise  it  to  118  million.  If  one  incorporates 
anticipated  population  growth,  the  estimates  increase  sub- 
stantially. Sonic  small  island  nations  and  other  countries  will 
confront  greater  vulnerability  because  their  existing  sea  and 
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Table  2:  Selected  crop  study  results  for  2  x  COj-equivaleni  equilibrium  GCM  scenarios. 


Region 


Crop  Yield  Impact  (%)         Comments 


Latin  America  Maize  -61  to  increase  Data  are  from  Argentina,  Brazil,  Chile,  and  Mexico;  range  is  across 

GCM  scenarios,  with  and  without  CO;  effect. 


-50  to  -5 


Data  are  from  Argentina.  Uruguay,  and  Brazil;  range  is  across  GCM 
scenarios,  with  and  without  CO,  effect. 


Soybean  -10  to +40 


Data  are  from  Brazil;  range  is  across  GCM  scenarios,  with  COj  effect. 


Former  Soviet 
Union 


Wheat 
Grain 


-19  to +41 
-14  to +13 


Range  is  across  GCM  scenarios  and  region,  with  CO2  effect. 


Europe 


Maize  -30  to  increase 


Data  are  from  France,  Spain,  and  northern  Europe;  with  adaptation  and 
CO,  effect;  assumes  longer  season,  irrigation  efficiency  loss,  and 
northward  shift. 


Wheat  increase  or 

decrease 


Vegetables  increase 


Data  are  from  France,  UK,  and  northern  Europe;  with  adaptation  and 
COj  effect;  assumes  longer  season,  northward  shift,  increased  pest 
damage,  and  lower  risk  of  crop  failure. 

Data  are  from  UK  and  northern  Europe;  assumes  pest  damage 
increased  and  lower  risk  of  crop  failure. 


North  America 


Maize 
Wheat 


Soybean 


-55  to  +62  Data  are  from  USA  and  Canada;  range  is  across  GCM  scenarios  and 

-100  to  +234  sites,  with/without  adaptation  and  with/without  COj  effect. 

-96  to  +58  Data  are  from  USA;  less  severe  or  increase  with  CO2  and  adaptation. 


Maize 


Rice 


-65  to  -h6 


Millet  -79  to  -63 

Biomass  Decrease 


Data  are  from  Egypt,  Kenya.  South  Africa,  and  Zimbabwe;  range  is 
over  studies  and  climate  scenarios,  with  CO2  effect. 

Data  are  from  Senegal;  carrying  capacity  fell  1 1-38%. 

Data  are  from  South  Africa;  agrozone  shifts. 


Rice  -22  to  +28  Data  are  from  Bangladesh.  India,  Philippines,  Thailand,  Indonesia, 

Maize  -65  to  -10  Malaysia,  and  Myanmar;  range  is  over  GCM  scenarios,  with  CO2 

Wheat  -61  to +67  effect;  some  studies  also  consider  adapation. 


-78  to  +28 


Includes  rainfed  and  irrigated  rice;  range  is  across  sites  and  GCM 
scenarios;  genetic  variation  provides  scope  for  adaptation. 


Other  Asia  and 
Pacific  Rim 


Wheat 


-41  10+65 


Data  are  from  Japan  and  South  Korea;  range  is  across  GCM  scenarios; 
generally  positive  in  north  Japan,  and  negative  in  south. 

Data  are  from  Australia  and  New  Zealand;  regional  variation. 

Data  are  from  Australia  and  Japan;  wide  variation,  depending  on  cultivar. 


Note:  For  most  regions,  studies  have  focused  on  one  or  two  principal  grains.  These  studies  strongly  demonstrate  the  variability 
in  estimated  yield  impacts  among  countries,  scenarios,  methods  of  analysis,  and  crops,  making  ll  difficult  to  generalize  results 
across  areas  or  for  different  climate  scenarios. 
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coastal  defense  systems  are  less  well-established.  Countries 
with  higher  population  densities  would  be  more  vulnerable. 
For  these  countries,  sea-level  rise  could  force  internal  or 
international  migration  of  populations. 

A  number  of  studies  have  evaluated  sensitivity  to  a  1-m  sea- 
level  rise.  This  increase  is  at  the  top  of  the  range  of  IPCC 
Working  Group  I  estimates  for  2100;  it  should  be  noted,  how- 
ever, that  sea  level  is  actually  projected  to  continue  to  rise 
beyond  2100.  Studies  using  this  1-m  projection  show  a  partic- 
ular risk  for  small  islands  and  deltas.  Estimated  land  losses 
range  from  0.05%  for  Uruguay,  1%  for  Egypt,  6%  for  the 
Netherlands,  and  17.5%  for  Bangladesh  to  about  80%  for  the 
Majuro  Atoll  in  the  Marshall  Islands,  given  the  present  state  of 
protection  systems.  Large  numbers  of  people  also  are  affect- 
ed— for  example,  about  70  million  each  in  China  and 
Bangladesh.  Many  nations  face  lost  capital  value  in  excess  of 
10%  of  their  gross  domestic  product  (GDP).  Although  annual 
protection  costs  for  many  nations  are  relatively  modest  (about 
0.1%  of  GDP),  the  average  annual  costs  to  many  small  island 
states  total  several  percent  of  GDP.  For  some  island  nations, 
the  high  cost  of  providing  storm-surge  protection  would  make 
it  essentially  infeasible,  especially  given  the  limited  availabili- 
ty of  capital  for  investment. 


could  economically  weaken  other  sectors,  such  as  banking.  The 
insurance  industry  currently  is  under  stress  from  a  series  of  "billion 
dollar"  storms  since  1987,  resulting  in  dramatic  increases  in  losses, 
reduced  availability  of  insurance,  and  higher  costs.  Some  in  the 
insurance  industry  perceive  a  current  tfend  toward  increased  fre- 
quency and  severity  of  extreme  climate  events.  Examination  of  the 
meteorological  data  fails  to  support  this  perception  in  the  context  of 
a  long-term  change,  although  a  shift  within  the  limits  of  natural 
variability  may  have  occurred.  Higher  losses  strongly  reflect 
increases  in  infrastructure  and  economic  worth  in  vulnerable  areas 
as  well  as  a  possible  shift  in  the  intensity  and  frequency  of  extreme 
weather  events. 


3.5. 


Human  Health 


Climate  change  is  likely  to  have  wide-ranging  and  mostly 
adverse  impacts  on  human  health,  with  significant  loss  of  life. 
These  impacts  would  arise  by  both  direct  and  indirect  path- 
ways (Figure  3).  and  it  is  likely  that  the  indirect  impacts  would, 
in  the  longer  term,  predominate. 

Direct  health  effects  include  increases  in  (predominantly  car- 
diorespiratory) mortality  and  illness  due  to  an  anticipated  increase 


The  most  vulnerable  human  settle- 
ments are  located  in  damage-prone 
areas  of  the  developing  world  that  do 
not  have  the  resources  to  cope  with 
impacts.  Effective  coastal-zone  man- 
agement and  land-use  regulation  can 
help  direct  population  shifts  away 
from  vulnerable  locations  such  as 
flood  plains,  sleep  hillsides,  and  low- 
lying  coastlines.  One  of  the  poten- 
tially unique  and  destructive  effects 
on  human  settlements  is  forced  inter- 
nal or  international  migration  of  pop- 
ulations. Programs  of  disaster  assis- 
tance can  offset  some  of  the  more 
serious  negative  consequences  of 
climate  change  and  reduce  the  num- 
ber of  ecological  refugees. 

Property  insurance  is  vulnerable  to 
extreme  climate  events.  A  higher  risk 
of  extreme  events  due  to  climate 
change  could  lead  to  higher  insurance 
premiums  or  the  withdrawal  of  cover- 
age for  property  in  some  vulnerable 
areas.  Changes  in  climate  variability 
and  the  risk  for  extreme  events  may 
be  difTicult  to  detect  or  predict,  thus 
making  it  difficult  for  insurance  com- 
panies to  adjust  premiums  appropri- 
ately. If  such  difficulty  leads  to  insol- 
vency, companies  may  not  be  able  to 
honor    insurance   contracts,    which 
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Figure  3:  Ways  in  which  climate  change  can  affect  human  health 
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in  ihe  intensity  and  duration  of  heat  waves.  Temperature  increases 
in  colder  regions  should  result  in  fewer  cold-related  deaths.  An 
increase  in  extreme  weather  would  cause  a  higher  incidence  of 
death,  injury,  psychological  disorders,  and  exposure  to  contami- 
nated water  supplies. 

Indirect  effects  of  climate  change  include  increases  in  the 
potential  transmission  of  vector-borne  infectious  diseases  (e.g., 
malaria,  dengue,  yellow  fever,  and  some  viral  encephalitis) 
resulting  from  extensions  of  the  geographical  range  and  season 
for  vector  organisms.  Projections  by  models  (that  entail  neces- 
sary simplifying  assumptions)  indicate  that  the  geographical 
zone  of  potential  malaria  transmission  in  response  to  world 
temperature  increases  at  the  upper  part  of  the  IPCC-projected 
range  (3-5°C  by  2100)  would  increase  from  approximately 
45%  of  the  world  population  to  approximately  60%  by  the  lat- 
ter half  of  the  next  century.  This  could  lead  to  potential 
increases  in  malaria  incidence  (on  the  order  of  50-80  million 
additional  annual  cases,  relative  to  an  assumed  global  back- 
ground total  of  500  million  cases),  primarily  in  tropical,  sub- 
tropical, and  less  well-protected  temperate-zone  populations. 
Soirie  increases  in  non-vector-bome  infectious  diseases — such 
as  salmonellosis,  cholera,  and  giardiasis — also  could  occur  as 
a  result  of  elevated  temperatures  and  increased  flooding. 

Additional  indirect  effects  include  respiratory  and  allergic  dis- 
orders due  to  climate-enhanced  increases  in  sqme  air  pollu- 
tants, pollens,  and  mold  spores.  Exposure  to  air  pollution  and 
stressful  weather  events  combine  to  increase  the  likelihood  of 
morbidity  and  mortality.  Some  regions  could  experience  a 
decline  in  nutritional  status  as  a  result  of  adverse  impacts  on 
food  and  fisheries  productivity.  Limitations  on  freshwater  sup- 
plies also  will  have  human  health  consequences. 

Quantifying  the  projected  impacts  is  difficult  because  the 
extent  of  climate-induced  health  disorders  depends  on  numer- 
ous coexistent  and  interacting  factors  that  characterize  the  vul- 
nerability of  the  particular  population,  including  environmen- 
tal and  socioeconomic  circumstances,  nutritional  and  immune 
status,  population  density,  and  access  to  quality  health  care  ser- 
vices. Adaptive  options  to  reduce  health  impacts  include  pro- 
tective technology  (e.g.,  housing,  air  conditioning,  water 
purification,  and  vaccination),  disaster  preparedness,  and 
appropriate  health  care. 


4.         Options  to  Reduce  Emissions  and  Enhance 
Sinks  of  Greenliouse  Gases 

Human  activities  are  directly  increasing  the  atmospheric  con- 
centrations of  several  greenhouse  gases,  especially  COj,  CH,, 
halocarbons,  sulfur  hexafluoride  (SFj),  and  nitrous  oxide 
(NiO).  CO2  is  the  most  important  of  these  gases,  followed  by 
CH4.  Human  activities  also  indirectly  affect  concentrations  of 
water  vapor  and  ozone.  Significant  reductions  in  net  green- 
house gas  emissions  are  technically  possible  and  can  be  eco- 
nomically feasible.  These  reductions  can  be  achieved  by  utiliz- 
ing an  extensive  array  of  technologies,  and  policy  measures 


that  accelerate  technology  development,  diffusion,  and  transfer 
in  all  sectors  including  the  energy,  industry,  transportation,  res- 
idential/commercial, and  agricultural/forestry  sectors.  By  the 
year  2100.  the  world's  commercial  energy  system  in  effect  will 
be  replaced  at  least  twice,  offering  opportunities  to  change  the 
energy  system  without  premature  retirement  of  capital  stock; 
significant  amounts  of  capital  stock  in  the  indusuial,  commer- 
cial, residential,  and  agricultural/forestry  sectors  will  also  be 
replaced.  These  cycles  of  capital  replacement  provide  opportu- 
nities to  use  new,  better  performing  technologies.  It  should  be 
noted  that  the  analyses  of  Working  Group  n  do  not  attempt  to 
quantify  potential  macroeconomic  consequences  that  may  be 
associated  with  mitigation  measures.  Discussion  of  macroeco- 
nomic analyses  is  found  in  the  IPCC  Working  Group  IH  con- 
tribution to  the  Second  Assessment  Report.  The  degree  to 
which  technical  potential  and  cost-effectiveness  are  realized  is 
dependent  on  initiatives  to  counter  lack  of  information  and 
overcome  cultural,  institutional,  legal,  financial  and  economic 
barriers  that  can  hinder  diffusion  of  technology  or  behavioral 
changes.  The  pursuit  of  mitigation  options  can  be  carried  out 
within  the  limits  of  sustainable  development  criteria.  Social 
and  environmental  criteria  not  related  to  greenhouse  gas  emis- 
sions abatement  could,  however,  restrict  the  ultimate  potential 
of  each  of  the  options. 


4.1.         Energy,  Industrial  Process,  and 
Human  Settlement  Emissions 

Global  energy  demand  has  grown  at  an  average  annual  rate  of 
approximately  2%  for  almost  2  centuries,  although  energy 
demand  growth  varies  considerably  over  time  and  between  dif- 
ferent regions.  In  the  published  literature,  different  methods 
and  conventions  are  used  to  characterize  energy  consumption. 
These  conventions  differ,  for  example,  according  to  their  defi- 
nition of  sectors  and  their  treatment  of  energy  forms.  Based  on 
aggregated  national  energy  balances,  385  EJ  of  primary  energy 
was  consumed  in  the  world  in  1990,  resulting  in  the  release  of 
6  Gt  C  as  CO;.  Of  this,  279  EJ  was  delivered  to  end  users, 
accounting  for  3.7  Gt  C  emissions  as  COj  at  the  point  of  con- 
sumption. The  remaining  106  EJ  was  used  in  energy  conver- 
sion and  distribution,  accounting  for  2.3  Gt  C  emissions  as 
CO;.  In  1990,  the  three  largest  sectors  of  energy  consumption 
were  industry  (45%  of  total  CO;  releases),  residential/commer- 
cial sector  (29%),  and  transport  (2 1  %).  Of  these,  transport  sec- 
tor energy  use  and  related  CO;  emissions  have  been  the  most 
rapidly  growing  over  the  past  2  decades.  For  the  detailed  sec- 
toral mitigation  option  assessment  in  this  report,  1990  energy 
consumption  estimates  are  based  on  a  range  of  literature 
sources:  a  variety  of  conventions  are  used  to  define  these  sec- 
tors and  their  energy  use,  which  is  estimated  to  amount  to  a 
total  of  259-282  EJ. 

Figure  4  depicts  total  energy-related  emissions  by  major  world 
region.  Organisation  for  Economic  Cooperation  and 
Development  (OECD)  nations  have  been  and  remain  major 
energy  users  and  fossil  fuel  CO;  emitters,  although  their  share 
of  global   fossil  fuel  carbon  emissions  has  been  declining. 


a64 


c-Technical  Analyses  of  Impacts.  Adaptations,  and  Mitigation  of  Climate  Change 


Figure  4:  Global  energy-related  CO2  emissions  by  major  world  region  in  Gi  C/yr.  Sources:  Keeling.  1994;  Marland  el  al..  1994; 
Grvlbler  and  Nakicenovic.  1992;  Etemad  and  Luciani.  1991;  Fujii,  1990;  UN,  1952  (see  the  Energy  Primer  for  reference  information). 


Developing  nations,  taken  as  a  group,  still  account  for  a  small- 
er portion  of  total  global  CO2  emissions  than  industrialized 
nations — OECD  and  former  Soviet  Union/Eastern  Europe 
(FSU/EE) — but  most  projections  indicate  that  with  forecast 
rates  of  economic  and  population  growth,  the  future  share  of 
developing  countries  will  increase.  Future  energy  demand  is 
anticipated  to  continue  to  grow,  at  least  through  the  first  half  of 
the  next  century.  The  IPCC  (1992,  1994)  projects  that  without 
policy  intervention,  there  could  be  significant  growth  in  emis- 
sions from  the  industrial,  transportation,  and  commercial/resi- 
dential buildings  sectors. 


transfer,  as  well  as  measures  to  overcome  a  variety  of  non-tech- 
nical barriers.  The  potential  for  greenhouse  gas  emission  reduc- 
tions exceeds  the  potential  for  energy  use  efficiency  because  of 
the  possibility  of  switching  fuels  and  energy  sources.  Because 
energy  use  is  growing  world-wide,  even  replacing  current  tech- 
nology with  more  efficient  technology  could  still  lead  to  an 
absolute  increase  in  CO2  emissions  in  the  future. 

In  1992,  the  EPCC  produced  six  scenarios  (IS92a-f)  of  future  ener- 
gy use  and  associated  greenhouse  gas  emissions  (IPCC,  1992, 
1995).  These  scenarios  provide  a  wide  range  of  possible  future 
greenhouse  gas  emission  levels,  without  mitigation  measures. 


4.1.1.         Energy  Demand 

Numerous  studies  have  indicated  that  10-30%  energy-efficien- 
cy gains  above  present  levels  are  feasible  at  little  or  no  net  cost 
in  many  parts  of  the  world  through  technical  conservation  mea- 
sures and  improved  management  practices  over  the  next  2  to  3 
decades.  Using  technologies  that  presently  yield  the  highest 
output  of  energy  services  for  a  given  input  of  energy,  efficiency 
gains  of  50-60%  would  be  technically  feasible  in  many  coun- 
tries over  the  same  time  period.  Achieving  these  potentials  will 
depend  on  future  cost  reductions,  financing,  and  technology 


In  the  Second  Assessment  Report,  future  energy  use  has  been 
reexamined  on  a  more  detailed  sectoral  basis,  both  with  and 
without  new  mitigation  measures,  based  on  existing  studies. 
Despite  different  assessment  approaches,  the  resulting  ranges 
of  energy  consumption  increases  to  2025  without  new  mea- 
sures are  broadly  consistent  with  those  of  IS92.  If  past  trends 
continue,  greenhouse  gas  emissions  will  grow  more  slowly 
than  energy  use,  except  in  the  transport  sector 

The  following  paragraphs  summarize  energy-efficiency 
improvement    potentials   estimated    in    the    IPCC    Second 
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Assessment  Report  Strong  policy  measures  would  be  required 
to  iichieve  these  potentials.  Energy-related  greenhouse  gas 
emission  reductions  depend  on  the  source  of  the  energy,  but 
reductions  in  energy  use  will  in  general  lead  to  reduced  green- 
house gas  emissions. 

Industry.  Energy  uie  in  1990  was  estimated  to  be  98-117  EJ, 
and  is  projected  to  grow  to  140-242  EJ  in  2025  without  new 
measures.  Countries  differ  widely  in  their  current  industrial  ener- 
gy use  and  energy-related  greenhouse  gas  emission  trends. 
Industrial  sector  energy-related  greenhouse  gas  emissions  in 
most  industrialized  countries  are  expected  to  be  stable  or 
decreasing  as  a  result  of  industrial  restructuring  and  technologi- 
cal innovation,  whereas  industrial  emissions  in  developing  coun- 
tries are  projected  to  increase  mainly  as  a  result  of  industrial 
growth.  The  short-term  potential  for  energy-efficiency  improve- 
ments in  the  manufacturing  sector  of  major  industrial  countries 
is  estimated  to  be  25%.  The  potential  for  greenhouse  gas  emis- 
sion reductions  is  larger.  Technologies  and  measures  for  reduc- 
ing energy-related  emissions  from  this  sector  include  improving 
efficiency  (e.g..  energy  and  materials  savings,  cogeneration, 
et.ergy  cascading,  steam  recovery,  and  use  of  more  efficient 
motors  and  other  electrical  devices);  recycling  materials  and 
switching  to  those  with  lower  greenhouse  gas  emissions:  and 
developing  processes  that  use  less  energy  and  materials. 

Transportation.  Energy  use  in  1990  was  estimated  to  be 
61-65  EJ,  and  is  projected  to  grow  to  90-140  EJ  in  2025  with- 
out new  measures  Projected  energy  use  in  2025  could  be 
reduced  by  about  a  third  to  60-100  EJ  through  vehicles  using 
very  efficient  drive-trains,  lightweight  construction,  and  low 
air-resistance  design,  without  compromising  comfort  and  per- 
formance. Further  energy-use  reductions  are  possible  through 
the  use  of  smaller  vehicles;  altered  land-use  patterns,  transport 
systems,  mobility  patterns,  and  lifestyles;  and  shifting  to  less 
energy-intensive  transport  modes.  Greenhouse  gas  emissions 
per  unit  of  energy  used  could  be  reduced  through  the  use  of 
alternative  fuels  and  electricity  from  renewable  sources.  These 
measures,  taken  together,  provide  the  opportunity  for  reducing 
global  transport  energy-related  greenhouse  gas  emissions  by 
as  much  as  40%  of  projected  emissions  by  2025.  Actions  to 
reduce  energy-related  greenhouse  gas  emissions  from  trans- 
port can  simultaneously  address  other  problems  such  as  local 
air  pollution. 

Commercial/Residential  Sector.  Energy  use  in  1990  was  esti- 
mated to  be  about  100  EJ,  and  is  projected  to  grow  to  165-205 
EJ  in  2025  without  new  measures.  Projected  energy  use  could 
be  reduced  by  about  a  quarter  to  126-170  EJ  by  2025  without 
diminishing  services  through  the  use  of  energy  efficient  tech- 
nology. The  potential  for  greenhouse  gas  emission  reductions 
is  larger.  Technical  changes  might  include  reduced  heat  trans- 
fers through  building  suiictures  and  more  efficient  space-con- 
ditioning and  water  supply  syslems,.lighling,  and  appliances. 
Ambient  .temperatures  in  urban  area!  can  be  reduced  through 
increased  vegetation  and  greater  reflectivity  of  building  sur- 
faces, reducing  the  energy  required  for  space  conditioning. 
Energy-related  greenhouse  gas  emission  reductions  beyond 


those  obtained  through  reduced  energy  use  could  be  achieved 
through  changes  in  energy  sources. 


4.1.2.        Mitigating  Industrial  Process  and  Human 
Settlement  Emissions 

Process-related  greenhouse  gases  including  COj,  CH4,  Hfi. 
halocarbons,  and  SF^  are  released  during  manufacturing  and 
industrial  processes,  such  as  the  production  of  iron,  steel,  alu- 
minum, ammonia,  cement,  and  other  materials.  Large  reduc- 
tions are  possible  in  some  cases.  Measures  include  modifying 
production  processes,  eliminating  solvents,  replacing  feed- 
stocks, materials  substitution,  increased  recycling,  and  reduced 
consumption  of  greenhouse  gas-intensive  materials.  Capturing 
and  utilizing  CH4  from  landfills  and  sewage  treatment  facilities 
and  lowering  the  leakage  rate  of  halocarbon  refrigerants  from 
mobile  and  stationary  sources  also  can  lead  to  significant 
greenhouse  gas  emission  reductions. 


4. 1.3.        Energy  Supply 

This  assessment  focuses  on  new  technologies  for  capital 
investment  and  not  on  potential  retrofitting  of  existing  capital 
stock  to  use  less  carbon-intensive  forms  of  primary  energy.  It 
is  technically  possible  to  realize  deep  emissions  reductions  in 
the  energy  supply  sector  in  step  with  the  normal  timing  of 
investments  to  replace  infrastrucmre  and  equipment  as  it  wears 
out  or  becomes  obsolete.  Many  options  for  achieving  these 
deep  reductions  will  also  decrease  the  emissions  of  sulfur  diox- 
ide, nitrogen  oxides,  and  volatile  organic  compounds. 
Promising  approaches,  not  ordered  according  10  priority,  are 
described  below. 


4.1.3.1. 


Greenhouse  gas  reductions  in  the  use  of  fossil  fuels 

More  EfTicient  Conversion  of  Fossil  Fuels.  New  technology 
offers  considerably  increased  conversion  efficiencies.  For 
example,  the  efficiency  of  power  production  can  be  increased 
from  the  present  world  average  of  about  30%  to  more  than 
60%  in  the  longer  term.  Also,  the  use  of  combined  heat  and 
power  production  replacing  separate  production  of  power  and 
heat — whether  for  process  heat  or  space  heating — offers  a  sig- 
nificant rise  in  fijel  conversion  efficiency. 

Switching  to  Low-Carbon  Fossil  Fuels  and  Suppressing 
Emissions.  Switching  from  coal  to  oil  or  natural  gas,  and  from 
oil  to  natural  gas,  can  reduce  emissions.  Natural  gas  has  the 
lowest  CO2  emissions  per  unit  of  energy  of  all  fossil  fiiels  at 
about  14  kg  C7GJ,  compared  to  oil  with  about  20  kg  C/GJ  and 
coal  with  about  25  kg  C/GJ.  The  lower  carbon-containing  fuels 
can,  in  general,  be  converted  with  higher  efficiency  than  coal. 
Large  resources  of  natural  gas  exist  in  many  areas.  New,  low 
capital  cost,  highly  efficient  combined-cycle  technology  has 
reduced  electricity  costs  considerably  in  some  areas.  Natural 
gas  could  potentially  replace  oil  in  the  transportation  sector 
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Approaches  exist  to  reduce  emissions  of  CH4  from  natural  gas 
pipelines  and  emissions  of  CH4  and/or  COj  from  oil  and  gas 
wells  and  coal  mines. 

Decarbonization  of  Flue  Gases  and  Fuels,  and  CO,  Storage. 

The  removal  and  storage  of  CO,  from  fossil  fuel  power-station 
stack  gases  is  feasible,  but  reduces  the  conversion  efficiency 
and  significantly  increases  the  production  cost  of  elecuicity. 
Another  approach  to  decarbonization  uses  fossil  fuel  feed- 
stocks to  make  hydrogen-rich  fuels.  Both  approaches  generate 
a  byproduct  stream  of  CO,  that  could  be  stored,  for  example, 
in  depleted  natural  gas  fields.  The  future  availability  of  con- 
version technologies  such  as  fuel  cells  that  can  efficiently  use 
hydrogen  would  increase  the  relative  attractiveness  of  the  lat- 
ter approach.  For  some  longer  term  CO,  storage  options,  the 
costs,  environmental  effects,  and  efficacy  of  such  options 
remain  largely  unknown. 


4.1.3.2.        Snitching  to  non-fossil  fuel  sources  of  energy 

Switching  to  Nuclear  Energy.  Nuclear  energy  could  replace 
baseload  fossil  fuel  electricity  generation  in  many  parts  of  the 
world  if  generally  acceptable  responses  can  be  found  to  con- 
cerns such  as  reactor  safety,  radioactive-waste  transport  and 
disposal,  and  nuclear  proliferation. 

Switching  to  Renewable  Sources  of  Energy.  Solar,  biomass. 
wind,  hydro,  and  geolhermal  technologies  already  are  widely 
used.  In  1990,  renewable  sources  of  energy  contributed  about  20% 
of  the  world's  primary  energy  consumption,  most  of  it  fuelwood 
and  hydropower.  Technological  advances  offer  new  opportunities 
and  declining  costs  for  energy  firom  these  sources.  In  the  longer 
term,  renewable  sources  of  energy  could  meet  a  major  part  of  the 
world's  demand  for  energy.  Power  systems  can  easily  accommo- 
date limited  fractions  of  intermittent  generation,  and  with  the  addi- 
tion of  fast-responding  backup  and  storage  units,  also  higher  frac- 
tions. Where  biomass  is  sustainably  regrown  and  used  to  displace 
fossil  fuels  in  energy  production,  net  carbon  emissions  are  avoid- 
ed as  the  CO,  released  in  converting  the  biomass  to  energy  is  again 
fixed  in  biomass  through  photosynthesis.  If  the  development  of 
biomass  energy  can  be  carried  out  in  ways  that  effectively  address 
concerns  about  other  environmental  issues  and  competition  with 
other  land  uses,  biomass  could  make  major  contributions  in  both 
the  electricity  and  fuels  markets,  as  well  as  offering  prospects  of 
increasing  rural  employment  and  income. 


4.1.4.         Integration  of  Energy  System  Mitigation  Options 

To  assess  the  potential  impact  of  combinations  of  individual  mea- 
sures at  the  energy  system  level,  in  contrast  to  the  level  of  indi- 
vidual technologies,  variants  of  a  Low  C02-Emitting  Energy 
Supply  System  (LESS)  are  described.  The  LESS  constructions  are 
"thought  experiments"  exploring  possible  global  energy  systems. 

The  following  assumptions  were  made:  World  population 
grows  from  5  3  billion  in  1990  to  9.5  billion  by  2050  and  10  5 


billion  by  2100.  GDP  grows  7-fold  by  2050  (5-fold  and  14-fold 
in  industrialized  and  developing  countries,  respectively)  and 
25-fold  by  2100  (13-fold  and  70-fold  in  industrialized  and 
developing  countries,  respectively),  relative  to  1990.  Because 
of  emphasis  on  energy  efficiency,  primary  energy  consumption 
rises  much  more  slowly  than  GDP.  The  energy  supply  con- 
structions were  made  to  meet  energy  demand  in  (i)  projections 
developed  for  the  fPCC's  First  Assessment  Report  (1990)  in  a 
low  energy  demand  variant,  where  global  primary  commercial 
energy  use  approximately  doubles,  with  no  net  change  for 
industrialized  countries  but  a  4.4-fold  increase  for  developing 
countries  from  1990  to  2100;  and  (ii)  a  higher  energy  demand 
variant,  developed  in  the  IPCC  IS92a  scenario  where  energy 
demand  quadruples  from  1990  to  2100.  The  energy  demand 
levels  of  the  LESS  consuuctions  are  consistent  with  the  energy 
demand  mitigation  chapters  of  this  Second  Assessment  Repon. 

Figure  5  shows  combinations  of  different  energy  sources  to 
meet  changing  levels  of  demand  over  the  next  century.  The 
analysis  of  these  variants  leads  to  the  following  conclusions: 

•  Deep  reductions  of  CO,  emissions  from  energy  sup- 
ply systems  are  technically  possible  within  50  to  100 
years,  using  alternative  strategies. 

Many  combinations  of  the  options  identified  in  this 
assessment  could  reduce  global  CO,  emissions  from 
fossil  fuels  from  about  6  Gt  C  in  1990  to  about  4  Gt 
C/yr  by  2050.  and  to  about  2  Gt  C/yr  by  2100  (see 
Figure  6).  Cumulative  CO,  emissions,  from  1990  to 
2100.  would  range  from  about  450  to  about  470  Gt  C 
in  the  alternative  LESS  constructions. 

•  Higher  energy  efficiency  is  underscored  for  achieving 
deep  reductions  in  CO,  emissions,  for  increasing  the 
flexibility  of  supply  side  combinations,  and  for  reduc- 
ing overall  energy  system  costs. 

•  Interregional  trade  in  energy  grows  in  the  LESS  con- 
structions compared  to  today's  levels,  expanding  sus- 
tainable development  options  for  Africa,  Latin 
America,  and  the  Middle  East  during  the  next  century. 

Costs  for  energy  services  in  each  LESS  variant  relative  to  costs 
for  conventional  energy  depend  on  relative  future  energy 
prices,  which  are  uncertain  within  a  wide  range,  and  on  the  per- 
formance and  cost  characteristics  assumed  for  alternative  tech- 
nologies. However,  within  the  wide  range  of  future  energy 
prices,  one  or  more  of  the  variants  would  plausibly  be  capable 
of  providing  the  demanded  energy  services  at  estimated  costs 
that  are  approximately  the  same  as  estimated  future  costs  for 
current  conventional  energy.  It  is  not  possible  to  identify  a 
least-cost  future  energy  system  for  the  longer  term,  as  the  rela- 
tive costs  of  options  depend  on  resource  constraints  and  tech- 
nological opportunities  that  are  imperfectly  known,  and  on 
actions  by  governments  and  the  private  sector. 

The  literature  provides  strong  support  for  the  feasibility  of 
achieving  the  performance  and  cost  characteristics  assumed  for 
energy  technologies  in  the  LESS  constructions,  within  the  next 
2  decades,  though  it  is  impossible  to  be  certain  until  the  research 
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Figure  S:  Global  primary  energy  use  for  alternative  Low  COj-Emilting  Energy  Supply  System  (LESS)  constructions:  Alternatives  for 
meeting  different  energy  demand  levels  over  time,  using  various  fuel  mixes. 


and  development  is  complete  and  the  technologies  have  been 
tested  in  the  market.  Moreover,  these  performance  and  cost 
characteristics  cannot  be  achieved  without  a  strong  and  sus- 
tained investment  in  research,  development,  and  demonstration 
(RD&D).  Many  of  the  technologies  being  developed  would 
need  initial  support  to  enter  the  market,  and  to  reach  sufficient 
volume  to  lower  costs  to  become  competitive. 

Market  penetration  and  continued  acceptability  of  different 
energy  technologies  ultimately  depends  on  their  relative  cost, 
performance  (including  environmental  performance),  institu- 
tional arrangements,  and  regulations  and  policies.  Because 
costs  vary  by  location  and  application,  the  wide  variety  of  cir- 
cumstances creates  initial  opportunities  for  new  technologies 
to  enter  the  market  Deeper  understanding  of  the  opportunities 


for  emissions  reductions  would  require  more  detailed  analysis 
of  options,  taking  into  account  local  conditions. 

Because  of  the  large  number  of  options,  there  is  flexibility  as 
to  how  the  energy  supply  system  could  evolve,  and  paths  of 
energy  system  development  could  be  influenced  by  considera- 
tions other  than  climate  change,  including  political,  environ- 
mental (especially  indoor  and  urban  air  pollution,  acidification, 
and  land  restoration),  and  socioeconomic  circumstances. 


4.2.         Agriculture,  Rangelands,  and  Forestry 


Beyond  the  use  of  biomass  fuels  to  displace  fossil  fuels,  the  man- 
agement of  forests,  agricultural  lands,  and  rangelands  can  play  an 
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Figure  6:  Annual  CO;  emissions  from  fossil  fuels  for  alternative  LESS  constructions,  with  comparison  to  the  IPCC  IS92a-f  scenarios  (see 
Figure  5  for  acronym  definitions). 


important  role  in  reducing  current  emissions  of  CO2,  CH4,  and 
NjO  and  in  enhancing  carbon  sinks.  A  number  of  measures  could 
conserve  and  sequester  substantial  amounts  of  carbon  (approxi- 
mately 60-90  Gt  C  in  the  forestry  sector  alone)  over  the  next  50 
years.  In  the  forestry  sector,  costs  for  conserving  and  sequester- 
ing carbon  in  biomass  and  soil  are  estimated  to  range  widely  but 
can  be  competitive  with  other  mitigation  options.  Factors  affect- 
ing costs  include  opportunity  costs  of  land;  initial  costs  of  plant- 
ing and  establishment;  costs  of  nurseries;  the  cost  of  annual  main- 
tenance and  monitoring;  and  transaction  costs.  Direct  and  indirect 
benefits  will  vary  with  national  circumstances  and  could  offset 
the  costs.  Other  practices  in  the  agriculture  sector  could  reduce 
emissions  of  other  greenhouse  gases  such  as  CH4  and  N2O.  Land- 
use  and  management  measures  include: 


Sustaining  existing  forest  cover 

Slowing  deforestation 

Regenerating  natural  forests 

Establishing  tree  plantations 

Promoting  agroforestry 

Altering  management  of  agricultural  soils  and  rangelands 

Improving  efficiency  of  fertilizer  use 


•  Restoring  degraded  agricultural  lands  and  rangelands 

•  Recovering  CH4  from  stored  manure 

•  Improving  the  diet  quality  of  ruminants. 

The  net  amount  of  carbon  per  unit  area  conserved  or 
sequestered  in  living  biomass  under  a  particular  forest  man- 
agement practice  and  present  climate  is  relatively  well  under- 
stood. The  most  important  uncertainties  associated  with  esti- 
mating a  global  value  are  (i)  the  amount  of  land  suitable  and 
available  for  forestalion.  regeneration,  and/or  restoration  pro- 
grams; (ii)  the  rale  at  which  tropical  deforestation  can  actually 
be  reduced;  (iii)  the  long-term  use  (security)  of  these  lands;  and 
(iv)  the  continued  suitability  of  some  practices  for  particular 
locations  given  the  possibility  of  changes  in  temperature,  water 
availability,  and  so  forth  under  climate  change. 


4.3. 


Cross-Sectoral  Issues 


Cross-sectoral  assessment  of  different  combinations  of  mitiga- 
tion options  focuses  on  the  interactions  of  the  full  range  of  tech- 
nologies and  practices  that  are  potentially  capable  of  reducing 
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emissions  of  greenhouse  gases  or  sequestering  carbon.  Current 
analysis  suggests  the  following: 

•  Competing  Uses  of  Land,  Water,  and  Other 
Natural  Resources.  A  growing  population  and 
expanding  economy  will  increase  the  demand  for  land 
and  other  natural  resources  needed  to  provide,  inter 
alia,  food,  fiber,  forest  products,  and  recreation  ser- 
vices. Climate  change  will  interact  with  the  resulting 
intensified  patterns  of  resource  use.  Land  and  other 
resources  could  also  be  required  for  mitigation  of 
greenhouse  gas  emissions.  Agricultural  productivity 
improvements  throughout  the  world  and  especially  in 
developing  countries  would  increase  avsitabilily  of' 
land  for  production  of  biomass  energy. 

•  Geoengineering  Options.  Some  geoengineering 
approaches  to  counterbalance  greenhouse  gas-induced 
climate  change  have  been  suggested  (e.g.,  putting 
solar  radiation  reflectors  in  space  or  injecting  sulfate 
aerosols  into  the  atmosphere  to  mimic  the  cooling 
influence  of  volcanic  eruptions).  Such  approaches 
generally  are  likely  to  be  ineffective,  expensive  to  sus- 
tain, and/or  to  have  serious  environmental  and  other 
effects  that  are  in  many  cases  poorly  understood. 


Reducing  or  removing  other  subsidies  (e.g..  agricultural  and 
tianspofi  subsidies)  that  increase  greenhouse  gas  emissions 
Tradable  emissions  permits 

Vblunlaiy  programs  and  negotiated  agreements  with  industry 
Utility  demand-side  management  programs 
Regulatory  programs,  including  minimum  energy  effi- 
ciency standards  (e.g.,  for  appliances  and  fuel  economy) 
Stimulating  RD&D  to  make  new  technologies  available 
Market  pull  and  demonstration  programs  that  stimulate  the 
development  and  application  of  advanced  technologies 
Renewable  energy  incentives  during  market  build-up 
Incentives  such  as  provisions  for  accelerated  deprecia- 
tion and  reduced  costs  for  consumers 
Education  and  training;  information  and  advisory  measures 
Options  that  also  support  other  economic  and  environ- 
mental goals. 


Accelerated  development  of  technologies  that  will  reduce 
greenhouse  gas  emissions  and  enhance  greenhouse  gas  sinks — 
as  well  as  understanding  the  barriers  that  inhibit  their  diffusion 
into  the  marketplace — requires  intensified  research  and  devel- 
opment by  governments  and  the  private  sector. 
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4.4.         Policy  Instruments 

Mitigation  depends  on  reducing  barriers  to  the  diffusion  and 
transfer  of  technology,  mobilizing  financial  resources,  support- 
ing capacity  building  in  developing  countries,  and  other 
approaches  to  assist  in  the  implementation  of  behavioral 
changes  and  technological  opportunities  in  all  regions  of  the 
globe.  The  optimum  mix  of  policies  will  vary  from  country  to 
country,  depending  upon  political  su^cture  and  societal  recep- 
tiveness.  The  leadership  of  national  governments  in  applying 
these  policies  will  contribute  to  responding  to  adverse  conse- 
quences of  climate  change.  Governments  can  choose  policies 
that  facilitate  the  penetration  of  less  greenhouse  gas-intensive 
technologies  and  modified  consumption  patterns.  Indeed, 
many  countries  have  extensive  experience  with  a  variety  of 
policies  that  can  accelerate  the  adoption  of  such  technologies. 
This  experience  comes  from  efforts  over  the  past  20  to  30  years 
to  achieve  improved  energy  efficiency,  reduce  the  environ- 
mental impacts  of  agricultural  policies,  and  meet  conservation 
and  environmental  goals  unrelated  to  climate  change.  Policies 
to  reduce  net  greenhouse  gas  emissions  appear  more  easily 
implemented  when  they  are  designed  to  address  other  concerns 
that  impede  sustainable  development  (e.g.,  air  pollution  and 
soil  erosion).  A  number  of  policies,  some  of  which  may  need 
regional  or  international  agreement,  can  facilitate  the  penetra- 
tion of  less  greenhouse  gas-intensive  technologies  and  modi- 
fied consumption  patterns,  including: 

•  Putting  in  place  appropriate  institutional  and  structural 
frameworks 

•  Energy  pricing  strategies  (e.g.,  carbon  or  energy  taxes, 
and  reduced  energy  subsidies) 
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SUMMARY  FOR  POLICYMAKERS 
SECONfD  ASSESSMENT  REPORT,  WORKING  GROUP  III 


1.         INTRODUCTION 

Working  Group  HI  of  the  Intergovernmental  Panel  on  Climate  Change  (IPCC)  was 
established  in  November  1992  and  charged  with  conducting  "technical  assessments  of 
the  socio-economics  of  impacts,  adaptation  and  mitigation  of  climate  change  over  both 
the  short  and  long  term  and  at  the  regional  and  global  levels."  Working  Group  HI 
responded  to  this  charge  by  further  stipulating  in  its  workplan  that  it  would  place  the 
socio-economic  perspectives  in  the  context  of  sustainable  development,  and  in 
accordance  with  the  Framework  Convention  on  Climate  Change  be  comprehensive, 
cover  all  relevant  sources,  sinks  and  reservoirs  of  greenhouse  gases  and  adaptation,  and 
comprise  all  economic  sectors. 

This  report  assesses  a  large  part  of  the  existing  literature  on  the  socio-economics  of 
climate  change  and  identifies  areas  in  which  a  consensus  has  emerged  on  key  issues  and 
areas  where  differences  exist.'  The  chapters  have  been  arranged  so  that  they  cover 
several  key  issues.  First,  frameworks  for  socio-economic  assessment  of  costs  and 
benefits  of  action  and  inaction  are  described.  Particular  attention  is  given  to  the 
applicability  of  cost-benefit  analysis,  the  incorporation  of  equity  and  social 
considerations,  and  consideration  of  intergenerational  equity  issues.  Second,  the 
economic  and  social  benefits  of  limiting  greenhouse  gas  emissions  and  enhancing  sinks 
are  reviewed.  Third,  the  economic,  social  and  environmental  costs  of  mitigating 
greenhouse  gas  emissions  are  assessed.  Next,  generic  mitigation  and  adaptation 
response  options  are  assessed,  methods  for  assessing  the  costs  and  effectiveness  of 
different  response  options  are  summarized,  and  integrated  assessment  techniques  are 
discussed.  Finally,  the  report  provides  an  economic  assessment  of  policy  instruments  to 
combat  climate  change. 

In  accord  with  the  approved  work  plan,  this  assessment  of  the  socio-ecoQomic  literature 
related  to  climate  change  focuses  on  the  economic  literature;  material  from  other  social 
sciences  is  found  mostly  in  the  chapter  on  equity  and  social  considerations.  The  report 
is  an  assessment  of  the  state  of  knowledge  -  what  we  know  and  do  not  know  -  and  not  a 


'  The  Framework  Convenlion  on  Climate  Change  defines  "climate  change"  to  mean  a  change  of 

climate  which  is  attributed  directly  or  indirectly  to  human  activity  that  alters  the  composition  of  the  global 
atmosphere  and  which  is  in  addition  to  natural  climate  variability  observed  over  comparable  time  periods. 
The  question  as  to  whetlier  such  changes  are  p>oteniial  or  can  already  be  identified  is  analyzed  in  the 
Working  Group  I  contribution  to  this  IPCC  Second  Assessment  Report  (SAR). 
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Ijjescription  for  policy  implementation.  Countries  can  use  the  information  in  this  report 
to  help  take  decisions  they  believe  are  most  appropriate  for  their  specific 
circumstances. 


2.         SCOPE  OF  ASSESSMENT 

Climate  change  presents  the  decision  maker  with  a  set  of  formidable  complications: 
considerable  remaining  uncertainties  inherent  in  the  complexity  of  the  problem,  the 
potential  for  irreversible  damages  or  costs,  a  very  long  plaiming  horizon,  long  time 
lags  between  emissions  and  effects,  wide  regional  variation  in  causes  and  effects,  an 
irreducibly  global  problem,  and  multiple  greenhouse  gases  and  aerosols  to  con-ider. 
Yet  another  complication  is  that  effective  protection  of  the  climate  system  requires  the 
global  cooperation. 

Still  a  number  of  insights  which  may  be  useful  to  policy  makers  can  be  drawn  from  the 
literature; 

■  Analyses  indicate  that  a  prudent  way  to  deal  with  climate  change  is  through 
a  portfolio  of  actions  aimed  at  mitigation,  adaptation  and  improving  our 
knowledge.  The  appropriate  portfolio  will  differ  for  each  country.  The 
challenge  is  not  to  find  the  best  policy  today  for  the  next  100  years,  but  to 
select  a  prudent  long  term  strategy  and  to  adjust  it  over  time  in  the  light  of 
new  information. 

■  Earlier  mitigation  action  may  increase  flexibility  in  moving  toward 
stabilization  of  atmospheric  concentrations  of  greenhouse  gases  (U.N. 
Framework  Convention  on  Climate  Change,  Article  2).  The  choice  of 
abatement  paths  involves  balancing  the  economic  risks  of  rapid  abatement 
now  (that  premature  capital  stock  retirement  will  later  be  proved 
unnecessary)  against  the  corresponding  risk  of  delay  (that  more  rapid 
reduction  will  then  be  required,  necessitating  premature  retifement  of  future 
capital  stock). 

■  The  literature  indicates  that  significant  'no  regrets^'  opportunities  are 
available  in  most  countries  and  that  the  risk  of  aggregate  net  damage  due  to 


^  "No  regrets"  neasuiiS  are  those  whose  benefits,  such  as  reduced  energy  costs  and  reduced 

emissions  of  local/regiorul  pollutants  cqua]  or  exceed  ilicLr  cost  to  society,  excluding  the  benefits  of 
clim.iic  change  mitigation.  They  arc  sometimes  known  as  "measures  worth  doing  anyway." 
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climate  change,  consideration  of  risk  aversion  and  the  precautionary 
-*—  principle,  provide  rationales  for  action  beyond  no  regrets. 

.  ■      The  value  of  better  information  about  the  processes,  impacts  of  and 

responses  to  climate  change  is  likely  to  be  great.  In  particular,  the  literature 
accords  high  value  to  information  about  climate  sensitivity  to  greenhouse 
gases  and  aerosols,  climate  change  damage  functions,  and  variables  such  as 
determinants  of  economic  growth  and  rates  of  energy  efficiency 
improvements.  Better  information  about  the  costs  and  benefits  of 
mitigation  and  adaptation  measures  and  how  they  might  change  in  coming 
decades  also  has  a  high  value. 

■      Analysis  of  economic  and  social  issues  related  to  climate  change,  especially 
in  developing  countries  where  little  work  of  this  nature  has  been  earned 
out,  is  a  high  priority  for  research.  More  generally,  research  is  needed  on 
integrated  assessment  and  analysis  of  decision  making  related  to  climate 
change.  Further,  research  advancing  the  economic  understanding -of  non- 
linearities  and  new  theories  of  economic  growth  is  also  needed.  Research 
and  development  of  energy  efficiency  technologies  and  non-fossil  energy 
options  also  offer  high  potential  value.  In  addition,  there  is  also  a  need  for 
research  on  the  development  of  sustainable  consumption  patterns. 

A  portfolio  of  possible  actions  that  policymakers  could  consider,  in  accordance  with 
applicable  international  agreements,  to  implement  low  cost  and/or  cost-effective 
measures  to  reduce  emissions  of  greenhouse  gases  and  adapt  to  climate  change  can 
include: 

•  implementing  energy  efficiency  measures  including  removing  institutional 
barriers  to  energy  efficiency  improvements; 

•  phasing  out  those  existing  distortionary  policies  which  increase  greenhouse 
gas  emissions,  such  as  some  subsidies  and  regulations,  non-intemalization  of 
environmental  costs,  and  distortions  in  transport  pricing;        ( 

•  implementing  cost-effective  fuel  switching  measures  from  more-  to  less- 
carbon-intensive  and  carbon-free  fuels  such  as  renewables; 

•  implementing  measures  to  enhance  sinks  or  reservoirs  of  greenhouse  gases 
such  as  improving  forest  management  and  land  use  practices; 
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^    •     implementing  measures  and  developing  new  techniques  for  reducing 
methane,  nitrous  oxide,  and  other  greenhouse  gas  emissions  ; 

•  encouraging  fonns  of  international  cooperation  to  limit  greenhouse  gas 
emissions,  such  as  implementing  coordinated  carbon/energy  taxes,  activities 
implemented  jointly,  and  tradeable  quotas; 

•  promoting  the  development  and  implementation  of  national  and  international 
energy  efficiency  standards; 

•  promoting  voluntary  actions  to  reduce  greenhouse  gas  emissions; 

•  implementing  education  and  training,  as  well  as  information  and  advisory 
measures  for  sustainable  development  and  consumption  patterns  for 
mitigating  and  adapting  to  climate  change; 

•  planning  aiKl  implementing  measures  to  adapt  to  the  consequences  of  climate 
change; 

•  undertaking  research  aimed  at  better  understanding  the  causes  and  impacts 
of,  and  adaptation  to.  climate  change; 

•  conducting  technological  research  aimed  at  minimizing  emissions  of 
greenhouse  gases  from  continued  use  of  fossil  fuels  and  developing 
commercial  non-fossil  energy  sources; 

•  developing  improved  institutional  mechanisms,  such  as  improved  insurance 
arrangements,  to  share  the  risks  of  damages  due  to  climate  change. 

Contribution  of  Economics 

■  -Estimates  of  the  costs  and  benefits  of  stabilizing  greenhouse  gas  cpncentrations 

are  sensitive,  inter  alia,  to  the  ultimate  target  concentration,  the  emissions  path 
toward  this  level,  the  discount  rate,  and  assumptions  concerning  the  costs  and 
availability  of  technologies  and  practices. 

■  Despite  its  widespread  use  in  economic  policy  evaluation,  Gross  Domestic 
Product  is  widely  recognized  to  be  a  deficient  measure  of  society's  well-being, 
largely  because  it  faiis  to  account  for  degradation  of  the  environment  and 
natural  systems.   Other  methodologies  exist  that  try  to  take  into  account  these 
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■  non-market  values  and  social  and  ecological  sustainability.  Such  methodologies 
-     would  provide  a  more  complete  indication  of  how  climate  change  might  affect 
society's  well-being. 

■  Given  the  interrelated  nature  of  the  global  economic  system,  attempts  to 
mitigate  climate  change  through  actions  in  one  region  or  sector  may-have 
offsetting  economic  effects  which  risks  increasing  the  emissions  of  other  regions 
and  sectors  (so-called  leakages).  These  emission  leakages  can  be  lessened 
through  coordinated  actions  of  groups  of  countries. 

■  The  literature  suggests  that  flexible,  cost-effective  policies  relying  on  economic 
incentives  and  instruments,  as  well  as  coordinated  instruments,  can  considerably 
reduce  mitigation  or  adaption  costs,  or  can  increase  the  cost-effectiveness  of 
emission  reduction  measures. 

Equity  Considerations 

In  considering  equity  principles  and  issues  related  to  greenhouse  gas  emissions,  it  is 
important  for  policy  consideration  to  take  into  account  in  particular  Articles  3, 
4.2a,  and  11.2  of  the  Framework  Convention  on  Climate  Change,  and  Principle  2 
of  the  Rio  Declaration  and  general  principles  of  international  law. 

Scientific  analyses  cannot  prescribe  how  equity  should  be  applied  in  implementing 
the  Framework  Convention  on  Climate  Change,  but  analysis  can  clarify  the 
implications  of  alternative  choices  and  their  ethical  basis. 

■  Developing  countries  require  support  for  institutional  and  endogenous  capacity 
building  so  that  they  may  effectively  participate  in  climate  change  decision 
making. 

■  It  is  important  that  both  efficiency  and  equity  concerns  be  considered  during  the 
analysis  of  mitigation  and  adaptation  measures.  For  the  purposes  of  analysis,  it 
is  possible  to  separate  efficiency  from  equity.  This  analytical  separation  pre- 
supposes and  is  valid,  for  policy  purposes,  only  if  effective  institutions  exist  or 
can  be  created  for  appropriate  redistribution  of  climate  change  costs.  It  may  be 
worthwhile  to  conduct  analyses  of  the  equity  implications  of  particular  measures 
to  achieve  efficiency,  including  social  considerations  and  impacts. 
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3.^^.    DECISION  MAKING  FRAMEWORK  TO  ADDRESS  CLIMATE 
CHANGE 

Since  climate  change  is  a  global  issue,  comprehensive  analyses  of  mitigation, 
adaptation  and  research  measures  are  needed  to  identify  the  most  efficient  and 
appropriate  strategy  to  address  climate  change.  International  decision  making  related  to 
climate  change  as  established  by  the  Framework  Convention  on  Climate  Change 
(FCCC)  is  a  collective  process  in  which  a  variety  of  concerns,  such  as  equity, 
ecological,  economic,  ethical  and  poverty-related  issues  for  present  and  fiiture 
generations  are  of  special  significance.  Treatment  of  decision  making  under 
uncertainty,  risk  aversion,  processes  of  technology  development  and  diffusion,  and 
distributional  considerations  are  at  present  relatively  poorly  developed  in  international 
environmental  economics,  and  specially  in  the  climate  change  literature. 

Decision  making  related  to  climate  change  must  take  into  account  the  unique 
characteristics  of  the  "problem":  large  uncertainties  (scientific  and  economic),  possible 
non-linearities  and  irreversibilities,  asymmetric  distribution  of  impacts  geographically 
and  temporally,  the  very  long  time  horizon,  and  global  characteristics  of  climate  change 
with  the  associated  potential  for  free  riding.  Beyond  scientific  uncertainties  (WG  I)  and 
impact  uncertainties  (WG  II),  socio-economic  uncertainties  relate  to  estimates  of  how 
these  changes  will  affect  human  society,  including  direct  economic  and  broader  welfare 
impacts,  and  to  the  socio-economic  implications  of  emissions  abatement  also. 

The  other  dimension  that  magnifies  uncertainties  and  complicates  decision-making  is 
geographical:  climate  change  is  a  global  problem  encompassing  an  incredibly  diverse 
mix  of  human  societies,  with  differing  histories,  circumstances  and  capabilities.   Many 
developing  countries  are  in  relatively  hot  climates,  depend  more  heavily  on  agriculture, 
and  have  less  well  developed  infrastructure  and  social  structures;  thus  they  may  suffer 
more  than  average,  perhaps  much  more.  In  developed  coimtries,  there  may  also  be 
large  climate  change  impacts. 

The  literamre  also  emphasises  that  delaying  responses  is  itself  a  decision  involving 
costs.   Some  studies  suggest  the  cost  of  delay  to  be  small,  other  emphasise  that  the 
costs  could  include  imposition  of  risks  on  all  parties,  specifically  to  the  most 
vulnerable,  greater  utilisation  of  limited  atmospheric  capacity,  and  potential  deferral  of 
desirable  technical  development;  no  consensus  is  reflected  in  the  literature. 

The  global  nature  of  the  problem  —  necessitating  collective  action  by  sovereign  states  — 
and  the  large  differences  in  tliC  circumstances  of  different  parties  involved 
consequential  as  well  as  procedural  issues.   Consequential  issues  relate  to  outcomes 
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while  procedural  issues  relate  to  how  decisions  are  made.   In  relation  to  climate 
cirsGge,  the  existence  of  an  agreed  legal  framework  involves  a  collective  process  within 
a  negotiated  framework  (FCCC).  Accordingly  decision  making  can  be  considered 
within  three  different  categories  of  frameworks,  with  different  implications  and  with 
distinct  foci:  global  optimization  (trying  to  fmd  the  globally  optimal  result),  procedural 
decision  making  (rules  of  procedure),  and  collective  decision  making  (distributional 
issues,  multi-independent  decision  makers). 

Application  of  the  literature  on  decision  making  to  climate  change  provides  elements 
for  building  collective  and/or  market-oriented  strategies  for  sharing  the  risks  and 
realizing  mutual  benefits.  It  suggests  that  actions  be  sequential  (temporal  distribution), 
that  countries  implement  a  portfolio  of  mitigation,  adaptation  and  research  measures, 
and  that  they  adjust  this  portfolio  continuously  in  response  to  new  knowledge.  The 
potential  for  transfers  of  financial  resources  and  technology  to  developing  countries 
may  be  considered  as  a  part  of  any  comprehensive  analytical  framework. 

Elements  of  a  market-relatdd  strategy  concern  insurance  and  markets  for  risk.  "Pooling 
risk  does  not  change  the  risk  but  it  can  improve  economic  efficiency  and  welfare. 
Although  insurance  capable  of  sharing  climate  change  risks  on  a  global  basis  currently 
does  not  exist,  one  of  the  important  potential  gains  firom  cooperating  in  a  collective 
framework,  such  as  the  Framework  Convention  on  Climate  Change  ,  is  that  of  risk 
sharing.  Insurance  to  cover  the  risks  of  climate  change  is  difficult',  and  the 
international  community  has  not  yet  established  such  sophisticated  instruments.  This, 
however,  does  not  preclude  future  international  action  to  establish  insurance  markets 
sufficient  for  some  international  needs. 


4.         EQUITY  AND  SOCIAL  CONSIDERATIONS 

Equity  considerations  are  an  important  aspect  of  climate  change  pyolicy  and  of  the 
Convention.  In  conmion  language  equity  means  "the  quality  of  being  impartial"  or 
"something  that  is  fair  and  just."  The  FCCC,  including  the  references  to  equity  and 
equitable  in  Articles  3.1,  4.2. a.  and  11.2,  provides  the  context  for  efforts  to  apply 
equity  in  meeting  the  purposes  and  the  objective  of  the  Convention.  International  law, 
including  relevant  decisions  of  the  International  Court  of  Justice,  may  also  provide 
guidance. 


'  Without  knowiTig  the  extent  of  potential  impacts,  the  ability  of  private  markets  to  insure  against 

losses  associated  with  climate  change   is  unknown. 
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Ai^iariety  of  ethical  principles,  including  the  importance  of  meeting  people's  basic 
needs,  may  be  relevant  to  addressing  climate  change,  but  the  application  of  principles 
developed  to  guide  individual  behaviour  to  relations  among  states  is  complex  and  not 
straightforward.  Climate  change  policies  should  not  aggravate  existing  disparities 
between  one  region  and  another  nor  attempt  to  redress  all  equity  issues. 

Equity  involves  procedural  as  well  as  consequential  issues.  Procedural  issues  relate  to 
how  decisions  are  made  while  consequential  issues  relate  to  outcomes.  To  be  effective 
and  to  promote  cooperation,  agreements  must  be  regarded  as  legitimate,  and  equity  is 
an  important  element  in  gaining  legitimacy. 

Procedural  equity  encompasses  process  and  participation  issues.  It  requires  tha'  all 
Parties  be  able  to  participate  effectively  in  international  negotiations  related  to  climate 
change.   Appropriate  measures  to  enable  developing  country  Parties  to  participate 
effectively  in  negotiations  increase  the  prospects  for  achieving  effective,  lasting,  and 
equitable  agreements  on  how  best  to  address  the  threat  of  climate  change.  Concern 
about  equity  and  social  impacts  points  the  need  to  build  endogenous  capabilities  and 
strengthen  institutional  capacities,  particularly  in  developing  countries,  to  make  and 
implement  collective  decisions  in  a  legitimate  and  equitable  manner. 

Consequential  equity  has  two  components:  the  distribution  of  the  costs  of  damages  or 
adaptation  and  of  measures  to  mitigate  climate  change.  Because  countries  differ 
substantially  in  vulnerability,  wealth,  capacity,  resource  endowments,  and  other  factors 
listed  below,  unless  addressed  explicitly,  the  costs  of  the  damages,  adaptation,  and 
mitigation  may  be  borne  inequitably. 

Climate  change  is  likely  to  impose  costs  on  fiiture  generations  and  on  regions  where 
damages  occur,  including  regions  with  low  greenhouse  gas  emissions.  Climate  change 
impacts  will  be  distributed  imevenly. 

The  Convention  recognizes  in  Article  3.1  the  principle  of  common  but  differentiated 
responsibilities  and  respective  capabilities.   Actions  beyond  "no  regrets", measures 
impose  costs  on  the  present  generation.   Mitigation  policies  unavoidably  raise  issues 
about  how  to  share  the  costs.  The  initial  emission  limitation  intentions  of  Annex  I 
Parties  represent  an  agreed  collective  fu-st  step  of  those  parties  in  addressing  climate 
change. 

Equity  arguments  can  support  a  variety  of  proposals  to  distribute  mitigation  costs. 
Most  of  them  seem  to  cluster  around  two  main  approaches:  equal  per  capita  emission 
allocations  and  allocations  based  on  incremental  departures  from  national  baseline 
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emissions  (current  or  projected).  Some  proposals  combine  these  approaches  in  an 
effect  to  incorporate  equity  concerns  not  addressed  by  relying  exclusively  on  one  or  the 
other  approach.  The  IPCC  can  clarify  scientifically  the  implications  of  different 
approaches  and  proposals,  but  the  choice  of  particular  proposals  is  a  policy  judgement. 

There  are  substantial  variations  both  among  developed  and  developing  countries  that 
are  relevant  to  the  application  of  equity  principles  to  mitigation.  These  include 
variations  in  historical  and  cumulative  emissions,  current  total  and  per-capita 
emissions,  emission  intensities  and  economic  output,  and  factors  such  as  wealth,  energy 
structures,  and  resource  endowments.  The  literature  is  weak  on  the  equity  implications 
of  these  variations  both  among  developed  and  developing  countries. 

In  addition,  the  implications  of  climate  change  for  developing  countries  are  different 
from  those  for  developed  countries.  The  former  often  have  different  urgent  priorities, 
weaker  institutions,  and  are  generally  more  vulnerable  to  climate  change.  However,  it 
is  likely  that  developing  countries'  share  of  emissions  will  grow  further  to  meet  their 
social  and  developmental  needs.  Greenhouse  gas  emissions  are  likely  to  become 
increasingly  global,  even  whilst  substantial  per-capita  disparities  are  likely  to  remain. 

It  is  important  that  both  efficiency  and  equity  concerns  should  be  considered  during  the 
analysis  of  mitigation  and  adaptation  measures.  It  may  be  worthwhile  to  conduct 
analyses  of  the  equity  implications  of  particular  measures  to  achieve  efficiency, 
including  social  considerations  and  impacts. 


5.         INTERTEMPORAL  EQUITY  AND  DISCOUNTING 

Climate  policy,  like  many  other  policy  issues,  raises  particular  questions  of  equity 
among  generations,  because  future  generations  are  not  able  to  influence  directly  the 
policies  being  chosen  today  that  could  affect  their  well-being,  and  because  it  might  not 
be  possible  to  compensate  future  generations  for  consequent  reductions  in  their  weU- 
being. 

Sustainable  development  is  one  approach  to  intergenerational  equity.  Sustainable 
development  meets  "the  needs  of  the  present  without  compromising  the  ability  of  future 
generations  to  meet  their  own  needs."*  A  consensus  exists  among  economists  that  this 
does  not  imply  that- future  generations  should  inherit  a  world  with  at  least  as  much  of 


*  A  related  (sotr.ewLat  strcngcr)  concept  is  that  each  generation  is  entitled  to  inherit  a  planet  and 

cultural  resource  base  at  least  as  good  as  that  of  previous  generations. 
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ev.gn'  resource.  Nevertheless,  sustainable  development  would  require  that  use  of 
exhaustible  natural  resources  and  environmental  degradation  are  appropriately  offset  — 
for  example,  by  an  increase  in  productive  assets  sufficient  to  enable  future  generations 
to  obtain  at  least  the  same  standard  of  living  as  those  alive  today.    There  are  different 
views  in  the  literature  on  the  extent  to  which  infrastructure  and  knowledge,  jon  the  one 
hand,  and  natural  resources,  such  as  a  healthy  environment,  on  the  other  hand,  are 
substitutes.  This  is  crucial  to  applying  these  concepts.  Some  analysts  stress  that  there 
are  exhaustible  resources  that  are  unique  and  can  not  be  substituted  for.  Others  believe 
that  the  current  generations  can  compensate  future  generations  for  decreases  in  the 
quality  or  quantity  of  environmental  resources  by  increases  in  other  resources. 

Discounting  is  the  principal  analytical  tool  economists  use  to  compare  economic  effects 
that  occur  at  different  points  in  time.  The  choice  of  discount  rate  is  of  crucial  technical 
importance  for  analyses  of  climate  change  policy,  because  the  time  horizon  is 
extremely  long,  and  mitigation  costs  tend  to  come  much  earlier  than  the  benefits  of 
avoided  damages.  The  higher  the  discount  rate,  the  less  future  benefits  and  the- more 
current  costs  matter  in  the  analysis. 

Selection  of  a  social  discount  rate  is  also  a  question  of  values  since  it  inherently  relates 
the  costs  of  present  measures,  to  possible  damages  suffered  by  future  generations  if  no 
action  is  taken.^  How  best  to  choose  a  discount  rate  is,  and  will  likely  remain,  an 
unresolved  question  in  economics.  Partly  as  a  consequence,  different  discount  rates  are 
used  in  different  countries.   Analysts  typically  conduct  sensitivity  studies  using  various 
discount  rates.  It  should  also  be  recognii^d  that  the  social  discount  rate  presupposes 
that  all  effects  are  transformed  to  their  equivalent  in  consimiption.  This  makes  it 
difficult  to  apply  to  those  non-market  impacts  of  climate  change  which  for  ethical 
reasons  might  not  be,  or  for  practical  reasons  cannot  be,  converted  into  consumption 
units. 

The  literature  on  the  appropriate  social  discount  rate  for  climate  change  analysis  can  be 
grouped  into  two  broad  categories.  One  approach  discounts  consimiption  by  different 
generations  using  the  "social  rate  of  time  preference"  which  is  the  sum  of  the  rate  of 
"pure  time  preference"  (impatience)  and  the  rate  of  increase  of  welfare  derived  from 
higher  per  capita  incomes  in  the  future.  Depending  upon  the  values  taken  for  the 
different  parameters  the  discount  rale  tends  to  fall  between  0.5%  and  3.0%  per  year  on 
a  global  basis  -  using  this  approach.  However,  wide  variations  in  regional  discount 
rates  exist,  which  are  consistent  with  a  particular  global  average. 


A  social  discount  raic  is  a  discouni  rate  appropriate  for  use  by  governments  in  the  evaluation  of 
public  policy. 
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The  second  approach  to  the  discount  rate  considers  market  returns  to  investment,  which 
rORige  between  3%  and  6%  in  real  terms  for  long  term  risk  free  public  investments. 
Conceptually,  fiinds  could  be  invested  in  projects  that  earn  such  returns,  with  the 
proceeds  being  used  to  increase  the  consumption  for  future  generations. 

The  choice  of  the  social  discount  rate  for  public  investment  projects  is  a  matter  of 
policy  preference,  but  has  a  major  impact  on  the  economic  evaluation  of  climate  change 
actions.'  For  example,  in  today's  dollars,  $1,000  of  damage  100  years  from  now 
would  be  valued  at  $370  using  a  1  %  discount  rate  (near  the  low  end  of  the  range  for 
the  first  approach)  but  would  be  valued  at  $7.60  using  a  5%  discount  rate  (near  the 
upper  end  of  the  range  for  the  second  approach).  However,  in  cost-effectiveness 
analyses  of  policies  over  short  time  horizons,  the  impact  of  using  different  discount 
rates  is  much  smaller.  In  all  areas  analysts  should  specify  the  discount  rate(s)  'hey  use 
to  facilitate  comparison  and  aggregation  of  results. 


6.         APPLICABILITY  OF  COST  AND  BENEFIT  ASSESSMENTS     ' 

Many  factors  need  to  be  taken  into  account  in  the  evaluation  of  projects  and  public 
policy  issues  related  to  climate  change,  including  the  analysis  of  possible  costs  and 
benefits.  Although  costs  and  benefits  cannot  all  be  measured  in  monetary  terms, 
various  techniques  exist  which  offer  a  useful  framework  for  organizing  information 
about  the  consequences  of  alternative  actions  for  addressing  climate  change. 

The  family  of  analytical  techniques  for  examining  economic  environmental  policies  and 
decisions  includes  traditional  project  level  cost-benefit  analysis,  cost-effectiveness 
analysis,  multi-criteria  analysis  and  decision  analysis.  Traditional  cost-benefit  analysis 
attempts  to  compare  all  costs  and  benefits  expressed  in  terms  of  a  common  monetary 
unit.  Cost-effectiveness  analysis  seeks  to  find  the  lowest  cost  option  to  achieve  an 
objective  specified  using  other  criteria.  Multi-criteria  analysis  is  designed  to  deal  with 
problems  where  some  benefits  and/or  costs  are  measured  in  non-monetary  units. 
Decision  analysis  focuses  specifically  on  making  decisions  under  uncertainty. 

In  principle,  this  group  of  techniques  can  contribute  to  improving  public  policy 
decisions  concerning  the  desirable  extent  of  actions  to  mitigate  global  climate  change, 
the  timing  of  such  actions,  and  the  methods  to  be  employed. 


Despite  the  differences  in  the  value  of  the  discount  rate,  policies  developed  on  the  basis  of  the 
two  appro.iclics  may  lead  to  similar  results. 

11 


383 


Teadlitional  cost-benefit  analysis  is  based  on  the  concept  that  the  level  of  emission 
control  at  each  point  in  time  is  determined  such  that  marginal  costs  equal  marginal 
benefits.  However,  both  costs  and  benefits  may  be  hard,  sometimes  impossible  to 
assess.  This  may  be  due  to  large  uncertainties,  possible  catastrophes  with  very  small 
probabilities,  or  simply  because  there  is  no  available  consistent  methodology  for 
monetizing  the  effects.  In  some  of  these  cases,  it  may  be  possible  to  apply  multi-criteria 
analysis.  This  provides  policy  makers  with  a  broader  set  of  information,  including 
evaluation  of  relevant  costs  and  benefits,  estimated  within  a  common  framework. 

Practical  application  of  traditional  cost-benefit  analysis  to  the  problem  of  climate 
change  is  therefore  difficult  because  of  the  global,  regional  and  intergenerational  nature 
of  the  problem.  Estimates  of  the  costs  of  mitigation  options  also  vary  widely. 
Furthermore,  estimates  of  potential  physical  damages  due  to  climate  change  also  vary 
widely.  In  addition,  confidence  in  monetary  estimates  for  important  consequences 
(especially  non-market  consequences)  is  low.  These  uncertainties,  and  the  resolution  of 
uncertainty  over  time  may  bie  decisive  for  the  choice  of  strategies  to  combat  elimate 
change.  The  objective  of  decision  analysis  is  to  deal  with  such  problems.  Furthermore, 
for  some  categories  of  ecological,  cultural  and  human  health  impacts,  widely  well 
accepted  economic  concepts  of  value  are  not  available.  To  the  extent  that  some  impacts 
and  measures  cannot  be  valued  in  monetary  terms,  economists  augment  the  traditional 
cost-benefit  analysis  approach,  with  such  techniques  as  multi-criteria  analysis, 
permitting  some  quantitative  expression  of  the  trade-offs  to  be  made.  These  techniques 
do  not  resolve  questions  involving  equity  -  for  example,  in  determining  who  should 
bear  the  costs.  However,  they  provide  important  information  on  the  incidence  of 
damage,  mitigation  and  adaptation  costs,  and  where  cost-effective  action  might  be 
taken. 

Despite  their  many  imperfections,  these  techniques  provide  a  valuable  framework  for 
identifying  essential  questions  that  policymakers  must  face  when  dealing  with  climate 
change.  1)  By  how  much  should  the  emissions  of  greenhouse  gases  be  reduced?  2) 
When  should  emissions  be  reduced?  3)  How  should  emissions  be  reduced?  These 
analytical  techniques  assist  decision  makers  to  compare  the  consequence^  of  alternative 
actions,  including  that  of  no  action,  on  a  quantitative  basis  —  and  can  certainly  make  a 
contribution  to  resolution  of  these  questions. 
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7.         THE  SOCIAL  COSTS  OF  ANTHROPOGENIC  CLIMATE  CHANGE: 
'  -      DAMAGES  OF  INCREASED  GREENHOUSE  GAS  EMISSIONS 

The  literature  on  the  subject  in  this  section  is  controversial  and  mainly  based  on 
research  done  on  developed  countries,  often  extrapolated  to  developing  countries. 
There  is  no  consensus  about  how  to  value  statistical  lives  or  how  to  aggregate  statistical 
lives  across  countries.^  Monetary  valuation  should  not  obscure  the  human  consequences 
of  anthropogenic  climate  change  damages,  because  the  value  of  life  has  meaning 
beyond  monetary  valuation.  It  should  be  noted  that  the  Rio  Declaration  and  Agenda  21 
call  for  human  beings  to  remain  at  the  centre  of  sustainable  development.  The  approach 
taken  to  this  valuation  might  affect  the  scale  of  damage  reduction  strategies.  It  may  be 
noted  that  in  virtually  all  of  the  literature  discussed  in  this  section  I)  the  developing 
country  statistical  lives  have  not  been  equally  valued  at  the  value;  ii)  other  daroiges  in 
developing  countries  are  also  not  equally  valued  at  the  developed  country  value. 
Because  national  circumstances,  including  opportunity  costs,  differ,  economists 
sometimes  evaluate  certain  kinds  of  impacts  differently  amongst  countries. 

The  benefits  of  limiting  greenhouse  gas  emissions  and  enhancing  sinks  are  (a)  the 
climate  change  damages  avoided  and  (b)  the  secondary  benefits  associated  with  the 
relevant  policies.  Secondary  benefits  include  reductions  in  other  pollutants  jointly 
produced  with  greenhouse  gases  and  biological  diversity  conserved.  Net  climate  change 
damages  include  both  market  and  non-market  impacts  as  far  as  they  can  be  quantified  at 
present  and,  in  some  cases,  adaptation  costs.  Damages  are  expressed  in  net  terms  to 
account  for  the  fact  that  there  are  some  beneficial  impacts  of  global  warming  as  well 
which  are  however  dominated  by  the  damage  costs.  Non-market  impacts,  such  as 
human  health,  risk  of  human  mortality  and  damage  to  ecosystems,  form  an  important 
component  of  available  estimates  of  the  social  costs  of  climate  change.  The  literature 
on  monetary  valuation  of  such  non-market  effects  reflects  a  number  of  divergent  views 
and  approaches.  The  estimates  of  non-market  damages,  however,  are  highly  speculative 
and  not  comprehensive. 

Non-market  damage  estimates  are  a  source  of  major  uncertainty  in  assessing  the 
implications  of  global  climate  change  for  human  welfare.  While  some  regard  monetary 
valuation  of  such  impacts  as  essential  to  sound  decision  making,  others  reject  monetary 
valuation  of  some  impacts,  such  as  risk  of  human  mortality,  on  ethical  grounds. 
Additionally,  there  is  a  danger  that  entire  unique  cultures  may  be  obliterated.  This  is 


^  The  value  of  a  stalistical  life  is  defined  as  the  value  people  assign  to  a  change  in  ihc  risk  of  death 

among  a  population. 
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n'>«_^omething  that  can  be  considered  in  monetary  terms,  but  becomes  a  question  of  loss 
of  human  diversity,  for  which  we  have  no  indicators  to  measure  economic  value. 

The  assessed  literature  contains  only  a  few  estimates  of  the  monetized  damages 
associated  with  doubled  CO^  equivalent  concentration  scenarios.  These  estimates  are 
aggregated  to  a  global  scale  and  illustrate  the  potential  impacts  of  climate  change  under 
selected  scenarios.  Aggregating  individual  monetized  damages  to  obtain  total  social 
welfare  impacts  implies  difficult  decisions  about  equity  amongst  countries.  Global 
estimates  are  based  upon  an  aggregation  of  monetary  damages  across  cduntries 
(damages  which  are  themselves  implicit  aggregations  across  individuals)  that  reflects 
intercountry  differences  in  wealth  and  income  ~  this  fundamentally  influences  the 
monetary  valuation  of  damages.  Taking  income  differences  as  given  implies  that  an 
equivalent  impact  in  two  countries  (such  as  an  equal  increase  in  human  mortality) 
would  receive  very  different  weights  in  the  calculations  of  global  damages. 

To  enable  choices  between  different  ways  of  promoting  human  welfare  to  be  made  on  a 
consistent  basis,  economists  have  for  many  years  sought  to  express  a  wide  range  of 
human  and  environmental  impacts  in  terms  of  monetary  equivalents,  using  various 
techniques.  The  most  commonly  used  of  those  techniques  is  an  approach  based  on  the 
observed  willingness  to  pay  for  various  non-market  benefits.*  This  is  the  approach  that 
has  been  taken  in  most  of  the  assessed  literature. 

Human  life  is  an  element  outside  the  market,  and  societies  may  want  to  preserve  it  in 
an  equal  way.  An  approach  which  includes  equal  valuation  of  impacts  on  human  life 
wherever  they  occur  may  yield  different  global  aggregate  estimates  than  those  reported 
below.  For  example,  equalizing  the  value  of  a  statistical  life  at  a  global  average  could 
leave  total  global  damage  unchanged  but  would  increase  markedly  the  share  of  these 
damages  borne  by  the  developing  world.  Equalizing  the  value  at  the  level  typical  in 
developed  countries  would  increase  monetized  damages  several  times,  and  would 
further  increase  the  share  of  the  developing  countries  in  the  total  damage  estimate. 

Other  aggregation  methods  can  be  used  to  adjust  for  differences  in  the  wealth  or 
incomes  of  countries  in  the  calculations  of  monetary  damages.  Because  the  estimates  of 
monetary  damage  tend  to  be  a  higher  percentage  of  national  GDP  for  low  income 
countries  than  for  high  income  countries,  aggregation  schemes  which  adjust  for  wealth 


The  concept  of  willingness  to  pay  is  indicative,  based  on  expressed  desires,  available  resources 
and  information  of  a  human  being  at  a  certain  moment  in  time.  The  values  may  change  over  time.  Also, 
other  concepts  (such  as  willingness  to  accept  compensation  for  damage)  have  been  advanced,  but  not  yet 
widely  applied,  in  the  literature,  and  the  interpretation  and  application  of  willingness  to  pay  and  other 
concepts  to  the  climate  problem  may  evolve. 
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or  income  effects  are  expected  to  yield  higher  estimates  of  global  damages  tlian  those 
presented  in  the  report. 

The  assessed  literature  quantifying  total  damages  from  2  to  3''C  warming  provides  a 
wide  range  of  point  estimates  for  damages  given  the  presumed  change  in  atmospheric 
greenhouse  gas  concentrations.  The  aggregate  estimates  tend  to  be  a  few  percent  of 
world  GDP,  with,  in  general,  considerably  higher  estimates  of  damage  to  developing 
countries  as  a  share  of  their  GDP.  The  aggregate  estimates  are  subject  to  considerable 
uncertainty,  but  the  range  of  uncertainty  cannot  be  gauged  from  the  literature.  The 
range  of  estimates  cannot  be  interpreted  as  a  confidence  interval  given  the  widely 
differing  assumptions  and  methodologies  in  the  studies.  As  noted  above,  aggregation  is 
likely  to  mask  even  greater  uncertainties  about  damage  components. 

Regional  or  sectoral  approaches  to  estimating  the  consequences  of  climate  change 
include  a  much  wider  range  of  estimates  of  the  net  economic  effects.  For  some  areas, 
damages  are  estimated  to  be  significantly  greater  and  could  negatively  affect  economic 
development.  For  others,  climate  change  is  estimated  to  increase  economic  production 
and  present  opportunities  for  economic  development.  For  countries  generally  having  a 
diversified,  industrial  economy  and  an  educated  and  flexible  labour  force,  the  limited 
set  of  published  estimates  of  damages  are  of  the  order  one  to  a  few  percent  of  GDP. 
For  countries  generally  having  a  specialized  and  natural  resources  based  economy 
(e.g.,  heavily  emphasizing  agriculture  or  forestry),  and  a  poorly  developed  and  land- 
tied  labour  force,  the  limited  set  of  published  estimates  of  damages  are  several  times 
larger.  Small  islands  and  low  lying  coastal  areas  are  particularly  vulnerable.  Damages 
from  possible  large-scale  catastrophes,  such  as  major  changes  in  ocean  circulation,  are 
not  reflected  in  these  estimates.  There  is  little  agreement  across  studies  about  the  exact 
magnitude  of  each  category  of  damages  or  relative  ranking  of  the  damage  categories.' 
Climate  changes  of  this  magnitude  are  not  expected  to  be  realized  for  several  decades 
and  damages  in  the  interim  could  be  smaller.  Damages  over  a  longer  period  of  time 
might  be  greater."* 

IPCC  does  not  endorse  any  particular  range  of  values  for  the  marginal  damage  of  COj 
emissions,  but  published  estimates  range  between  $5  and  $125  (1990  U.S.)  per  tonne 
of  carbon  emitted  now.  This  range  of  estimates  does  not  represent  the  full  range  of 


Due  to  time  lags  berween  findings  in  the  natural  sciences,  their  use  in  determination  of  potential 
physical  and  biological  impacts,  and  subsequent  incorporation  into  economic  analyses  of  climate  change, 
the  estimates  of  climate  change  damage  are  based  mainly  on  the  scientific  results  from  the  1990  and  1992 
IPCC  reports. 

*°  Sec  the  Assessment  Reports  of  Working  Groups  I  and  11. 
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UQcertainty.  The  estimates  are  also  based  on  models  that  remain  simplistic  and  are 
limited  representations  of  the  actual  climate  processes  in  being  and  are  based  on  earlier 
IPCC  scientific  reports.  The  wide  range  of  damage  estimates  reflects  variations  in 
model  scenarios,  discount  rates,  and  other  assumptions.  It  must  be  emphasized  that  the 
social  cost  estimates  have  a  wide  range  of  uncertainty  because  of  limited  knowledge  of 
impacts,  uncertain  future  technological  and  socio-economic  developments  and  the 
possibility  of  catastrophic  events  or  surprises. 

8.         GENERIC  ASSESSMENT  OF  RESPONSE  STRATEGIES 

There  are  also  many  adaptation  measures  available  for  responding  to  the  impacts  of 
climate  change.  All  these  technologies,  practices  and  measures  have  financial  '■nd 
environmental  costs  as  well  as  benefits.  This  section  surveys  the  range  of  options 
currently  available  or  discussed  in  the  literature.  The  optimal  mix  of  response  options 
will  vary  by  country  and  over  time  as  local  conditions  and  costs  change. 

A  review  of  COj  mitigation  options  suggests  that: 

■  A  large  potential  for  cost-effective  energy  conservation  and  efficiency 
improvements  of  energy  supply  and  energy  use  exists  in  many  sectors.  These 
options  offer  economic  and  environmental  benefits  in  addition  to  reducing  emissions 
of  greenhouse  gases.  Various  of  these  options  can  be  deployed  rapidly  due  to  small 
unit  size,  modular  design  characteristics,  and  low  lifetime  costs. 

The  options  for  CO2  mitigation  in  energy  use  include  alternative  methods  and 
efficiency  improvements,  among  others  in  the  construction,  residential, 
commercial,  agriculture,  and  industry  sectors.  Not  all  cost-effective  strategies  are 
based  on  new  technology;  some  may  rely  on  improved  information  dissemination 
and  public  education,  managerial  strategies,  pricing  policies,  and  institutional 
reforms. 

■  Estimates  of  the  technical  potential  for  switching  to  less  carbon-intensive  fuels 
vary  regionally  and  with  the  type  of  measure,  the  economic  availability  of  reserves 
of  fossil  fuels,  and  alternative  fuels,  and  have  to  take  account  of  potential  methane 
emissions  from  leakage  of  natural  gas  during  production  and  distribution. 

■  Renewable  energy  technologies  (e.g.,  solar,  hydro-electric,  wind,  traditional  and 
modem  biomass,  ocean  thermal  energy  conversion)  have  achieved  different  levels 
of  techrucal  developineni,  economic  maturity,  and  conmiercial  readiness.  The 
potential  of  these  energy  sources  is  not  fully  realized.  Cost  estimates  for  these 
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technologies  are  sensitive  to  site-specific  characteristics,  resource  variability,  and 
-w»«Jhe  form  of  final  energy  delivered.  These  cost  estimates  vary  widely. 

■  Nuclear  energy"  is  a  technology  that  has  been  deployed  for  several  decades  in 
many  countries.  However,  a  number  of  factors  have  slowed  the  expansion  of 
nuclear  power,  including:  (a)  wary  public  perceptions  resulting  from  nuclear 
accidents,  (b)  not  yet  fully  resolved  issues  concerning  reactor  safety,  proliferation 
of  fissile  material,  powerplant  decommissioning,  and  long-term  disposal  of  nuclear 
waste,  as  well  as,     in  some  instances,  lower-than-anticipated  levels  of  demand  for 
electricity.  Regulatory  and  siting  difficulties  have  increased  construction  lead 
times,  leading  to  higher  capital  costs  for  this  option  in  some  countries.  If  these 
issues,  including  inter  alia  the  social,  political,  and  environmental  aspects 
mentioned  above,  can  be  resolved,  nuclear  energy  has  the  potential  to  increase  its 
present  share  in  worldwide  energy  production. 

■  COj  capture  and  disposal  may  be  ultimately  limited  for  technical  and  environmental 
reasons,  because  not  all  forms  of  disposal  ensure  prevention  of  carbon  reentering  the 
atmosphere. 

■  Forestry  options,  in  some  circumstances,  offer  large  potential,  modest  costs,  low  risk, 
and  other  benefits.  Further,  the  potential  modem  use  of  biomass  as  a  source  of  fuels 
and  electricity  could  become  attractive.  Halting  or  slowing  the  deforestation  and 
increasing  reforestation  through  increased  silvi-cultural  productivity  and  sustainable 
management  programs  that  increase  agricultural  productivity,  the  expansion  of  forest 
reserves  and  promotion  of  ecotourism  are  among  the  cost-effective  options  for 
slowing  the  atmospheric  build-up  of  CO^.  Forestry  programs  raise  important  equity 
considerations. '^ 

There  are  also  a  wide  range  of  available  technologies  and  practices  for  reducing 
emissions  of  methane  from  such  sources  as  natural  gas  systems,  coal  mines,  waste 
dumps,  and  farms.  However,  the  issue  of  reduction  of  emissions  related  to  food  supply 
may  imply  tradeoffs  with  rates  of  food  production.  These  tradeoffs  must  be  carefiilly 
assessed  as  they  may  affect  the  provision  of  basic  needs  in  some  countries,  particularly  in 
developing  coimtries. 


"  For  more  information  on  ihc  technical  aspects  of  nuclear  power,  sec  further  the  report  of  IPCC 

WG2. 

'^  These  ?re  addr-ssed  in  Section  4  above  and  in  Chapter  3  of  the  W  G   III  Second  Assessment 

Report. 
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Mwst  nitrous  oxide  emissions  come  from  diffuse  sources  related  to  agriculture  and 
forestry.  These  emissions  are  difficult  to  reduce  rapidly.  Industrial  emissions  of  nitrous 
oxide  and  halogcnated  compounds  tend  to  be  concentrated  in  a  few  key  sectors  and 
"tend  to  be  easier  to  control.  Measures  to  limit  such  emissions  may  be  attractive  for  many 
countries. 

The  slow  implementation  of  many  of  the  technologically-attractive  and  cost-effective 
options  listed  above  has  many  possible  explanations,  with  both  actual  and  perceived  costs 
being  a  major  factor.  Among  other  factors,  availability  of  capital,  information  gaps, 
institutional  obstacles,  and  market  imperfections,  affect  the  rate  of  diffusion  for  these 
technologies.  Identifying  the  reasons  specific  to  a  particular  country  is  a  precondition  to 
devising  sound  and  efficient  pyolicies  to  encourage  their  broader  adoption. 

Education  and  training  as  well  as  information  and  advisory  measures  are  important 
aspects  of  various  response  pptions. 

Many  of  the  emissions  reducing  technologies  and  practices  described  above  also  provide 
other  benefits  to  society.  These  additional  benefits  include  improved  air  quality,  better 
protection  of  surface  and  underground  waters,  enhanced  animal  productivity,  reduced  risk 
of  explosions  and  fire,  and  improved  use  of  energy  resources. 

Many  options  are  also  available  for  adapting  to  the  impacts  of  climate  change  and  thus 
reducing  the  damages  to  national  economies  and  natural  ecosystems.  Adaptive  options 
are  available  in  many  sectors,  ranging  from  agriculture  and  energy  to  health,  coastal  zone 
management,  off-shore  fisheries  and  recreation.  Some  of  these  provide  enhanced  ability 
to  cope  with  the  current  impacts  of  climate  variability.  However,  possible  trade-oflEs 
between  implementation  of  mitigation  and  adaptation  measures  are  important  to  consider 
in  future  research.  A  summary  of  sectoral  options  for  adaptation  is  presented  in  the 
Second  Assessment  Report  of  IPCC  Working  Group  II. 

The  optimal  response  strategy  for  each  country  will  depend  on  the  special  circumstances 
and  conditions  which  that  country  must  face.  Nonetheless,  many  recent  studies  and 
empirical  observations  suggest  that  some  of  the  most  cost-efifective  options  can  be  most 
successfully  implemented  on  a  joint  or  cooperative  basis  among  nations. 
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9.         COSTS  OF  RESPONSE  OPTIONS 

irrsust  be  emphasized  that  the  text  in  this  section  is  an  assessment  of  the  technical 
literature  and  does  not  make  recommendations  on  policy  matters.  The  available 
literature  is  primarily  from  developed  countries. 

Tost  Concepts 

From  the  perspective  of  this  section  on  assessing  mitigation  or  adaptation  costs,  what 
matters  is  the  net  cost  (total  cost  less  secondary  benefits  and  costs).  These  net  costs 
exclude  the  social  costs  of  climate  change  which  are  discussed  in  section  7.    The 
assessed  literature  yields  a  very  wide  range  of  estimates  of  the  costs  of  response 
options.  The  wide  range  largely  reflects  significant  differences  in  assxmiptlons  about  the 
efficiency  of  energy  and  other  markets,  and  about  the  ability  of  government  institutions 
to  address  perceived  market  failures  or  imperfections. 

Measures  to  reduce  greenhouse  gas  emissions  may  yield  additional  economic  impacts 
(for  example,  through  technological  externalities  associated  with  fostering  R&D 
programs)  and/or  environmental  impacts  (such  as  reduced  emissions  of  acid  rain  and 
urban  smog  precursors).  Studies  suggest  that  the  secondary  environmental  benefits  may 
be  substantial  but  are  likely  to  differ  from  country  to  country. 

.<;pecific  Results 

Estimates  of  the  cost  of  GHG  emission  reduction  depend  critically  upon  assumptions 
about  the  levels  of  energy  efficiency  improvements  in  the  baseline  scenario  (that  is,  in 
the  absence  of  climate  policy)  and  upon  a  wide  range  of  factors  such  as  consumption 
patterns,  resource  and  technology  availability,  the  desired  level  and  timing  of 
abatement  and  the  choice  of  policy  instruments.  Policy  makers  should  not  place  too 
much  confidence  in  the  specific  numerical  results  from  any  one  analysis.  For  example, 
mitigation  cost  analyses  reveal  the  costs  of  mitigation  relative  to  a  given  baseline,  but 
neither  the  baseline  iK>r  the  intervention  scenarios  should  be  interpreted  as  representing 
likely  Aiture  conditions.  Tte  focus  should  be  on  the  general  insights  regarding  the 
underlying  determinants  of  costs.  ^ 

The  costs  of  stabilizing  atmospheric  concentrations  of  GHGs  at  levels  and  within  a 
timeframe  which  will  prevent  dangerous  anthropogenic  interference  with  the  climate 
system  (the  ultimate  objective  of  the  FCCQ  will  be  critically  dependent  on  the  choice 
of  emissions  time  path.  The  cost  of  the  abatement  program  will  be  influenced  by  the 
rate  of  capital  replacement,  the  discount  rate  and  the  effect  of  R&D. 
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Failure  to  adopt  policies  as  early  as  possible  to  encourage  efficient  replacement 
investments  at  the  end  of  the  economic  life  of  a  plant  and  equipment  (i.e.  at  the  point  of 
capital  stock  turnover)  impose  an  economic  cost  to  society.  Consequently, 
implementing  emissions  reductions  at  rates  that  can  be  absorbed  in  the  course  of 
normal  stock  turnover  are  likely  to  be  cheaper  than  enforcing  premature  retirement 
now. 

The  choice  of  abatement  paths  thus  involves  balancing  the  economic  risks  of  rapid 
abatement  now  (that  premature  capital  stock  retirement  will  later  be  proved 
unnecessary)  against  the  corresponding  risk  of  delay  (that  more  rapid  reduction  will 
then  be  required,  necessitating  premature  retirement  of  future  capital  stock.) 

Appropriate  long  run  signals  are  required  to  allow  producers  and  consumers  to  adapt 
cost-effectively  to  constraints  on  greenhouse  gas  emissions  and  to  encourage  R&D. 
Benefits  associated  with  the  implementation  of  any  "no  regret"  policies  will  offset  at 
least  in  part  the  costs  of  a  full  portfolio  of  mitigation  measures.  This  will  also  increase 
the  time  available  to  learn  about  climate  risks  and  to  bring  new  technologies  into  the 
market  place. 

Despite  significant  differences  in  views,  there  is  agreement  that  energy  efficiency  gains 
of  perhaps  10%  to  30%  below  baseline  trends  over  the  next  two  to  three  decades  can 
be  realized  at  negative  to  zero  net  cost.  (Negative  net  cost  means  an  economic 
benefit).  With  longer  time  horizons,  which  allow  a  more  complete  turnover  of  capital 
stocks,  and  which  give  R&D  and  market  transformation  policies  a  chance  to  impact 
multiple  replacement  cycles,  this  potential  is  much  higher.  The  magnitude  of  such  "no 
regret"  potentials  depends  upon  the  existence  of  substantial  market  or  institutional 
imperfections  that  prevent  cost-effective  emission  reduction  measures  from  occurring. 
The  key  question  is  then  the  extent  to  which  such  imperfections  and  barriers  can  be 
removed  cost-effectively  by  policy  initiatives  such  as  efficiency  standards,  incentives, 
removal  of  subsidies,  information  programs,  and  funding  of  technology  transfer. 

Progress  has  been  made  in  a  number  of  countries  in  cost-effectively  reducing 
imperfections  and  institutional  barriers  in  markets  through  policy  instrximents  based  on 
voluntary  agreements,  energy  efficiency  incentives,  product  efficiency  standards,  and 
energy  efficiency  procurement  programs  involving  manufacturers,  and  utility 
regulatory  reforms.  Where  empirical  evaluations  have  been  made,  many  have  found 
the  benefit-cost  ratio  of  increasing  energy  efficiency  was  favorable,  suggesting  the 
practical  feasibility  of  realizing  "no  regret"  potentials  at  negative  net  cost.   More 
infomiation  is  needed  on  similar  and  improved  programs  in  a  wider  range  of  countries. 
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Infrastructure  decisions  are  critical  in  determining  long-term  emissions  and  abatement 
costs  because  they  can  enhance  or  restrict  the  number  and  type  of  future  options. 
IrliT^structure  decisions  determine  development  patterns  in  transportation,  urban 
settlement  and  land  use,  and  influence  energy  system  development  and  deforestation 
patteins.  This  issue  is  of  particular  importance  to  developing  countries  and  many 
economies  in  transition  where  major  infrastructure  decisions  will  be  made  in  the  near 
term. 

If  a  carbon  or  carbon-energy  tax  is  used  as  a  policy  instrument  for  reducing  emissions, 
the  taxes  could  raise  substantial  revenues  and  how  the-revenues  are  distributed  could 
dramatically  afTect  the  cost  of  mitigation.  If  the  revenues  are  distributed  by  reducbg 
distortionary  taxes  in  the  existing  system,  they  will  help  reduce  the  excess  burden  of 
the  existing  tax  system,  potentially  yielding  an  additional  economic  benefit  (double 
dividend).  For  example,  those  of  the  European  studies  which  are  more  optimistic 
regarding  the  potential  for  tax  recycling,  show  lower  and,  in  some  instances,  slightly 
negative  costs.  Conversely,  inefficient  recycling  of  the  tax  revenues  could  increase 
costs.  For  example,  if  the  tax  revenues  are  used  to  finance  government  programs  that 
yield  a  lower  return  than  the  private  sector  investments  foregone  because  of  the  tax, 
then  overall  costs  will  increase. 

There  are  large  differences  in  the  costs  of  reducing  GHG  emissions  among  countries 
due  to  their  state  of  economic  development,  infrastructure  choices,  and  natural  resource 
base.  This  indicates  that  international  cooperation  could  significantly  reduce  the  global 
cost  of  reducing  emissions.  Research  suggests  that,  in  principle,  substantial  savings 
would  be  possible  if  emissions  are  reduced  where  it  is  cheapest  to  do  so.  In  practice, 
this  requires  international  mechanisms  ensuring  appropriate  capital  flows  and 
technology  transfers  between  countries.  Conversely,  a  failure  to  achieve  international 
cooperation  could  compromise  unilateral  attempts  by  a  country  or  a  group  of  countries 
to  limit  GHGs  emissions.  However,  estimates  of  so  called  leakage  effects  vary  so 
widely  that  they  provide  little  g\iidance  to  policy  makers. 

There  has  been  more  analysis  to  date  of  emission  reduction  potentials  and  costs  for 
developed  countries  than  for  other  parts  of  the  world.  Moreover,  many  existing 
models  are  not  well-suited  to  study  economies  in  transition  or  developing  countries 
economies.  Much  work  is  needed  to  develop  and  apply  models  for  use  outside  of 
developed  countries  (for  example,  to  represent  more  explicitly  market  imperfections, 
institutional  barriers,  and  traditional  and  informal  economic  sectors).  In  addition,  the 
discussion  below  and  the  bulk  of  the  underlying  report  deal  with  costs  of  response 
options  at  the  national  or  regional  level  in  terms  of  effect  on  GDP.  Further  analysis  is 
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r^^ired  concerning  effects  of  response  options  on  employment,  inflation,  trade 
competitiveness,  and  other  public  issues. 

A  large  number  of  studies  using  both  top-down  and  bottom-up  approaches  (see  box  for 
defmitions)  were  reviewed.  Estimates  of  the  costs  of  limiting  fossil  fuel  carbon  dioxide 
emissions  (expressed  as  carbon)  vary  widely  and  depend  upon  choice  of  methodologies, 
underlying  assumptions,  emission  scenarios,  policy  instruments,  reporting  year,  etc. 
For  specific  results  of  individual  studies,  see  Chapter.9. 

OECD  Countries.  Although  it  is  difficult  to  generalize,  top-down  analyses  suggest  that 
the  costs  of  substantial  reductions  below  1990  levels  could  be  as  high  as  several  percent 
of  GDP.  In  the  sp)ecific  case  of  stabilizing  emissions  at  1990  levels,  most  studies 
estimate  that  annual  costs  in  the  range  of  -0.5  percent  of  GDP  (equivalent  to  a  gain  of 
about  $60  billion  in  total  for  OECD  countries  at  today's  GDP  levels)  to  2  percent  of 
GDP  (equivalent  to  a  loss  of  about  $240  billion)  could  be  reached  over  the  next  several 
decades.  However,  studies  also  show  that  appropriate  tuning  of  abatement  measures 
and  the  availability  of  low-cost  alternatives  may  substantially  reduce  the  size  of  the 
overall  bill. 

Bottom-up  studies  are  more  optimistic  about  the  potential  for  low  or  negative  cost 
emission  reductions,  and  the  capacity  to  implement  that  potential.  Such  studies  show 
that  the  costs  of  reducing  emissions  by  20  percent  in  developed  countries  within  two  to 
three  decades  are  negligible  to  negative.  Other  bottom-up  studies  suggest  that  there 
exists  a  potential  for  absolute  reductions  in  excess  of  50  f>ercent  in  the  longer  term, 
without  increasing  and  perhaps  even  reducing  total  energy  system  costs. 

TTie  results  of  top-down  and  bottom-up  analysis  differ  because  of  such  factors  as  higher 
estimates  of  no  regrets  potential  and  technological  progress,  and  earlier  saturation  in 
energy  services  per  unit  GDP.  In  the  most  favorable  assessments,  savings  of  10-20%  in 
the  total  cost  of  energy  services  can  be  achieved 

Economies  in  transition.  The  potential  for  cost-effective  reductions  in  energy  use  is 
apt  to  be  considerable  but  the  realizable  potential  will  depend  upon  what  economic  and 
technological  development  path  is  chosen,  as  well  as  the  availability  of  capital  to  pursue 
different  paths.   A  critical  issue  is  the  future  of  structural  changes  in  these  countries 
that  are  apt  to  change  dramatically  the  level  of  baseline  emissions  and  the  emission 
reduction  costs. 

Developing  countries.  Analyses  suggest  that  there  may  be  substantia!  low-cost  fossil 
fuel  carbon  dio.xide  emission  reduction  opportunities  for  developing  countries. 
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Development  pathways  that  increase  energy  efficiency  promote  alternative  energy 
teCi'irologies,  reduce  deforestation  and  enhance  agricultural  productivity  and  biomass 
energy  production  can  be  economically  beneficial.  To  embark  upon  this  pathway  may 
require  significant  international  cooperation  and  fmancial  and  technology  transfer. 
However,  these  are  likely  to  be  insufficient  to  offset  rapidly  increasing  emissions 
baselines,  associated  with  increased  economic  growth  and  overall  welfare. 
Stabilization  of  carbon  dioxide  emissions  is  likely  to  be  costly. 

It  should  be  noted  that  analyses  of  costs  to  economies  in  transition  and  developing 
countries  typically  neglect  the  general  equilibrium  effects  of  unilateral  actions  taken  by 
developed  countries.  These  effects  may  be  either  positive  or  negative  and  their 
magnitude  is  difficult  to  quantify. 

It  should  also  be  noted  that  estimates  of  costs  or  benefits  of  the  order  of  a  few  percent 
of  GDP  may  represent  small  differences  in  GDP  growth  rates,  but  are  nevertheless 
substantial  in  absolute  terms. 

Preservation  and  augmentation  of  carbon  sinks  offer  a  substantial  and  often  cost- 
effective  component  of  a  greenhouse  gas  mitigation  strategy.  Studies  suggest  that  as 
much  as  15-30%  of  1990  global  energy-related  emissions  could  be  offset  by  carbon 
sequestration  in  forests  for  a  period  of  50-100  years.  The  costs  of  carbon 
sequestration,  which  are  competitive  with  source  control  options,  may  differ  among 
regions  of  the  world. 

•  Control  of  emissions  of  other  greenhouse  gases,  especially  methane  and  nitrous  oxide, 
can  provide  significant  cost-effective  opportunities  in  some  countries.  About  10%  of 
anthropogenic  methane  emissions  could  be  reduced  at  negative  or  low  cost  using 
available  mitigation  options  for  such  methane  sources  as  natural  gas  systems,  waste 
management,  and  agriculture. 


10.       INTEGRATED  ASSESSMENT 

Integrated  assessment  models  combine  knowledge  from  a  wide  range  of  disciplines  to 
provide  insights  that  would  not  be  observed  through  traditional  disciplinary  research. 
They  are  used  to  explore  possible  states  of  human  and  namral  systems,  analyze  key 
questions  related  to  policy  formulation  and  help  set  research  priorities.   Integration 
helps  co-ordinate  assumptions  from  different  disciplines  and  allows  feedbacks  and 
interactions  absent  from  individual  disciplines  to  be  analyzed.   However,  the  results  of 
such  analyses  are  no  better  liian  the  information  drawn  from  the  underlying  economic, 
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atr>ospheric  and  biological  sciences.   Integrated  assessment  models  are  limited  both  by 
the  underlying  knowledge  base  upon  which  they  draw  and  by  the  relatively  limited 
experiential  base. 

Most  current  integrated  assessment  models  do  not  reflect  the  specific  social  and 
economic  dynamics  of  the  developing  and  transition  economies  well;  for  example,  none 
of  the  existing  models  address  most  market  imperfections,  institutional  barriers,  or  the 
operation  of  the  informal  sector  in  these  countries.  This  can  lead  to  biases  in  global 
assessments  when  mitigation  options  and  impacts  on  developing  or  transition  economies 
are  valued  as  if  their  economies  operate  like  those  in  the  developed  countries. 

While  relatively  new,  integrated  assessment  models  of  climate  change  have  evolved 
rapidly.  Integrated  assessment  models  tend  to  fall  into  two  categories:  Policy 
Evaluation  and  Policy  Optimization  models.  Policy  evaluation  models  are  rich  in 
physical  detail  and  have  been  used  to  analyze  the  potential  for  deforestation  as  a 
consequence  of  interactions  between  demographics,  agricultural  productivity,  and 
economic  growth,  and  the  relationship  between  climate  change  and  the  extent  of 
potentially  malarial  regions.  Policy  optimization  models  optimize  over  key  variables 
(e.g.,  emissions  rates,  carbon  taxes)  to  achieve  formulated  policy  goals  (e.g.,  cost 
minimization  or  welfare  optimization). 

Key  uncertainties  in  current  integrated  assessments  include  the  sensitivity  of  the  climate 
system  to  changes  in  greenhouse  gas  concentrations,  the  specification  and  valuation  of 
impacts  where  there  are  no  markets,  changes  in  national  and  regional  demographics, 
the  choice  of  discount  rates,  and  assumptions  regarding  the  cost,  availability,  and 
diffusion  of  technologies. 


11.       AN  ECONOMIC  ASSESSMENT  OF  POLICY  EVSTRUMENTS  TO 
COMBAT  CLDVIATE  CHANGE 

Governments  may  have  different  sets  of  criteria  for  assessing  international,  as  well  as 
domestic  greenhouse  policy  instruments.  Among  these  criteria  are  efficiency/cost 
effectiveness,  effectiveness  in  achieving  stated  environmental  targets,  distributional 
(including  intergenerational)  equity,  flexibility  in  the  face  of  new  knowledge, 
understandability  to  the  general  public  and  consistency  with  national  priorities, 
policies,  instimtions  and  traditions.  The  choice  of  instruments  may  also  partly  reflect  a 
desire  on  the  part  of  governments  to  achieve  other  objectives  such  as  sustainable 
economic  dcvelopmer.t,  riicetii:g  social  development  goals,  fiscal  targets  or  influencing 
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pollution  levels  which  are  indirectly  related  to  greenhouse  gas  emissions.  A  further 
car^em  of  governments  may  lie  with  the  effect  of  policies  on  competitiveness. 

The  world  economy  and  indeed  some  individual  national  economies  suffer  from  a 
number  of  price  distortions  which  increase  greenhouse  gas  emissions,  such  as  some 
agricultural  and  fuel  subsidies  and  distortions  in  transport  pricing.    A  number  of 
studies  of  this  issue  indicate  that  global  emissions  reductions  of  4  to  18  per  cent 
together  with  increases  in  real  incomes  are  possible  from  phasing  out  fuel  subsidies. 
For  the  most  part,  reducing  such  distortions  could  lower  emissions  and  increase 
economic  efficiency.  However,  subsidies  are  often  introduced  and  price  distortions 
maintained  for  social  and  distributional  reasons  and  they  may  be  difficult  to  remove. 

Policy  instruments  may  be  identified  at  two  different  levels;  those  that  might  be  used 
by  a  group  of  countries  and  those  that  might  be  used  by  individual  nations  unilaterally 
or  to  achieve  compliance  with  a  multilateral  agreement. 

A  group"  of  countries  may  choose  from  policy  measures  and  instruments  including 
encouraging  voluntary  actions  and  further  research,  tradable  quotas,  joint 
implementation  (specifically  activities  implemented  jointly  under  the  pilot  phase"), 
harmonized  domestic  carbon  taxes,  international  carbon  taxes,  non-tradable  quotas  and 
various  international  standards.  If  the  group  did  not  include  all  major  greenhouse  gas 
emitters  then  there  may  be  a  tendency  for  fossil  fiiel  use  to  increase  in  countries  not 
participating  in  this  group.  This  may  reduce  the  international  competitiveness  of  some 
industries  in  participating  countries  as  well  as  the  environmental  effectiveness  of  the 
countries'  efforts. 

At  both  the  international  and  national  levels,  the  economic  literature  indicates  that 
instruments  that  provide  economic  incentives,  such  as  taxes  and  tradable 
quotas/permits,   are  likely  to  be  more  cost  effective  than  other  approaches.  Standards 
uniform  among  groups  of  countries  participating  in  an  international  agreement  are 
likely  to  be  difficult  to  achieve.  However,  for  one  group  of  countries  there  is 
agreement  on  the  application  of  some  uniform  standards. 

At  the  international  level,  all  of  the  potentially  efficient  market-based  instruments  could 
be  examined  during  the  course  of  fiimre  negotiations.  A  tradable  quota  system  has  the 
disadvantage  of  making  the  marginal  cost  of  emissions  uncertain  while  a  carbon  tax 


TTie  group  could  contain  only  a  few,  quite  a  number  or  even  all  countries. 
Sec  decision  5/ CP.  I  ofFCCC.COPl. 
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(and  related  instruments)  has  the  disadvantage  of  leaving  the  effect  on  the  level  at 
wKTch  emissions  are  controlled  uncertain.  The  weight  given  to  the  importance  of 
reducing  these  different  types  of  uncertainty  would  be  one  crucial  factor  in  further 
evaluating  these  alternative  instruments.  Because  of  the  lack  of  appropriate  scientific 
knowledge,  there  would  remain  a  high  degree  of  uncertainty  about  the  results  of 
limiting  emissions  at  specific  levels.  The  adoption  of  either  a  tradable  quota  scheme  or 
international  taxes  would  have  implications  for  the  international  distribution  of  wealth. 
The  distributional  consequences  would  be  the  subject  of  negotiation.  There  is  a  need 
for  additional  studies  on  the  possible  design  of  tradable  quotas  and  harmonized  taxes, 
and  on  the  institutional  framework  in  which  they  might  operate,  to  ensure  their 
practicability. 

Individual  countries  that  seek  to  implement  mitigation  policies  can  choose  from  among 
a  large  set  of  potential  policies  and  instruments,  including  carbon  taxes,  tradable 
permits,  deposit  refund  systems  (and  related  instruments)  and  subsidies  as  well  as 
technology  standards,  performance  standards,  product  bans,  direct  government 
investment,  and  voluntary  agreements.  Public  education  on  the  sustainable  use  of 
resources  could  play  an  important  part  in  modifying  consumption  patterns  and  other 
human  behaviour.  The  choice  of  measures  at  the  domestic  level  may  reflect  objectives 
other  than  cost-effectiveness  such  as  meeting  fiscal  targets.  Revenue  from  carbon  taxes 
or  auctioned  tradable  permits  could  be  used  to  replace  existing  distortionary  taxes.  The 
choice  of  instruments  may  also  reflect  other  environmental  objectives  such  as  reducing 
non-greenhouse  pollution  emissions  or  increasing  forest  cover  or  other  concerns  such 
as  specific  impacts  on  particular  regions  or  communities. 
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Box  1:  Top-Down  and  Bottom-Up  Models 

Top-down  models  are  aggregate  models  of  the  entire  macroeconomy  that  draw  on 
analysis  of  historical  trends  and  relationships  to  predict  the  large-scale  interactions 
between  the  sectors  of  the  economy,  especially  the  interactions  between  the  energy 
sector  and  the  rest  of  the  economy.  Top-down  models  typically  incorporate  relatively 
little  detail  on  energy  consumption  and  technological  change,  compared  with  bottom-up 
models. 

In  contrast,  bottom-up  models  incorporate  detailed  studies  of  engineering  costs  of  a 
wide  range  of  available  and  forecast  technologies,  and  describe  energy  consumption  in 
great  detail.  However,  compared  with  top-down  models,  they  typically  incorporate 
relatively  little  detail  on  non-energy  consuiner  behaviour  and  interactions  with  other 
sectors  of  the  economy. 

This  simple  characterization  of  top-down  and  bottom-up  models  is  increasingly 
misleading  as  more  recent  versions  of  each  approach  have  tended  to  provide  greater 
detail  in  the  aspects  that  were  less  developed  in  the  past.  As  a  result  of  this 
convergence  in  model  structure,  model  results  are  tending  to  converge,  and  the 
remaining  differences  reflect  differences  in  assumptions  about  how  rapidly  and 
effectively  market  institutions  adopt  cost-effective  new  technologies,  or  can  be  induced 
to  adopt  them  by  policy  interventions. 

Many  existing  models  are  not  well  suited  to  study  economies  in  transition  or 
developing  countries.   More  work  is  needed  to  develop  the  methodologies,  data  and 
models,  and  to  build  the  local  institutional  capacity  to  undertake  analyses. 
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OFHCE  OF  THE  U.  S.  GLOBAL  CHANGE  RESEARCH  PROGRAM 

300  D  Street,  S.W.,  Suite  840 

Washington,  D.C.   20024 

Phone:    (202)  651-8250/651-8240 

Fax:    (202)  554-6715/554-6858 

August  16,  1995 

Dear  Prospective  Reviewer: 

The  U.  S.  Government  has  received  a  draft  for  review  of  the  IPCC  Second  Assessment  Synthesis 
Report.  Drawing  from  the  thuree  IPCC  reports,  this  synthesis  report  is  intended  to  provide  an 
integrated  and  comprehensive  perspective  of  the  knowledge  relevant  to  the  interpretation  of 
Article!  of  the  UN  Framework  Convention  on  Climate  Change.  Although  the  individual 
working  group  reports  have  not  yet  been  completed,  to  meet  the  IPCC  sdiedule,  it  is  necessary 
that  the  initial  review  of  the  synthesis  report  occur  at  this  time. 

We  are  inviting  you,  as  a  reviewer  of  parts  of  the  individual  IPCC  working  group  reports,  to 
participate  in  mis  review  process.  Although  regretfully  not  earlier  acknowledged,  we  very  much 
appreciated  your  earlier  contributions  in  the  development  of  the  set  of  U.  S.  Govemn«nt  review 
comments— we  have  received  a  number  of  compliments  on  the  thoroughness  of  the  U.  5. 
comments  and  believe  that  the  comments  have  helped  greatly  in  the  revision  of  the  various 
chapters  and  summaries  to  ensure  a  broad  and  reasoned  perspective.  It  is  now  important  that 
we  continue  this  effort  for  the  synthesis  report. 

The  synthesis  report  is  composed  of  an  8  page  Summary  for  Policymakers  and  a  38  page 
chapter  that  includes  about  14  figures  and  several  tables  (and  these  pages  are  normal  sized 
pages).  It  is  thus  of  manageable  size.  The  IPCC  has  also  made  available  the  latest  version  of  the 
IPCC  WG  in  SPM;  the  SPMs  for  WG I  and  II  are  currently  being  revised  by  the  authors;  early 
versions  of  them  are  available  on  request.  While  it  may  be  somewhat  difficult  to  review  the 
synthesis  report  vsrithout  approved  versions  of  all  of  these  SPMs  (much  less  the  full  volumes  of 
the  report),  especially  in  that  we  understand  that  the  synthesis  report  will  later  be  updated  as 
these  documents  chajige,  we  believe  it  is  important  to  participate  at  this  stage  in  this  review 
process  and  to  comment  on  both  the  broad  structure  of  the  report  and  the  detailed  presentation 
of  information. 

Rather  than  a  blanket  mailing,  the  synthesis  report  is  being  made  available  to  those  requesting  to 
participate.  We  arc  specifically  inviting  all  of  those  who  have  earlier  submitted  comments  and 
vsdll  be  posting  a  notice  of  availability  in  the  Federal  Register  in  the  near  future.  While  we  are 
seeking  to  get  an  electroruc  version  of  the  docunrent  for  easier  distribution,  we  are  able  at 
present  only  to  make  paper  copies  available.  Contact  Ms.  Sandra  Vaughn-Cooke  at  202-651- 
8250  (fax:  202-554-6715;  email  office®usgcrp.gov)  for  a  copy  to  be  sent  by  overnight  mail. 

Comments  must  be  received  by  the  USGCRP  office  by  noon  on  September  6.  Because  this  date 
provides  for  less  than  a  week  for  us  to  assemble  and  integrate  the  comments  and  send  forth  a 
set  of  U.  S.  Government  comments,  this  deadline  is  very  firm.  It  would  be  most  helpful  if 
comments  could  be  sent  via  email  to  office®usgcrp.gov,  or  please  deliver  an  electroruc  disc  to 
the  address  on  the  letterhead.  Comments  should  be  divided  into  general  comments  (which 
should  come  first  and  each  paragraph  should  be  numbered)  and  specific  (which  should  list  page 
number,  line  number,  and  then  a  suggestion  and  explanation  for  a  specific  working  change). 
Please  provide  your  name,  affiliation,  address,  telephone  and  fax  numbers  and  email  address 
with  your  submission. 

We  realize  that  this  is  a  busy  time  and  vacation  period;  we  appreciate  your  interest  and  effort 
in  making  time  for  this  important  responsibility.  Thank  you  for  your  consideration.  Please 
contact  me  (at  mmaccracken@usgcrp.gov)  with  any  questions,  etc. 

Mike  MacCrackea  Director,  Office  of  the  USGCRP 
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\PCC  Prnr.e.diires  fnr  ths  Prt^pararinn  nf  Technical  Papers 

1 .  At  its  Eleventh  Session  CRome.  December  U  •  1 5.  1 995),  the  Intergovernmental  Panel  on 
Climate  Change  adopted  by  consensus  the  following  pioccduics  foi  the  i;icpaiaiioii  of  Teclmical 
Papcib. 

2.  IPCC  Technical  Papers  are  prepared  on  topics  for  which  an  independent,  international 
scientific/technical  perspective  is  deemed  essential.  They; 

a.  are  based  on  the  material  already  in  the  IPCC  assessment  reports  and  special  reports; 

b.  are  initiated  (i)  in  response  to  a  formal  request  from  the  Conference  of  the  Parties  to  the 
UN  Framework  Convention  on  Climate  Change  or  its  subsidiary  bodies  and  agreed  by  the 
IPCC  Bureau,  or  (ii)  as  decided  by  the  Panel; 

c.  are  prepared  by  a  team  of  authors,  including  a  convening  lead  author,  «elpr.t<>ri  hy  the 
\P(X'  Bureau,  in  acmrrianre  with  the  guidelines  for  the  selection  of  lead  authors  i  ^ntained 
in  the  TPCC  Procedures'; 

d.  are  submined  in  draft  form  for  simultaneous  expert  and  government  review  at  least  four 
weeks  before  the  comments  are  due'; 

e  are  revised  by  the  led  auihuis  based  upon  ihc  buiiiiiiciiis  icucivcd  in  lite  step  above, 

r.  aic  submined  for  final  govcnuiicnt  review  at  least  four  weeks  before  the  comments  arc 

due, 
g.  are  finalized  by  the  lead  authors,  in  consultation  with  the  IPCC  Bureau  which  functions 

in  the  role  of  an  editorial  board,  based  on  the  comments  received;  and, 
h  if  necessory,  as  determined  by  the  IPCC  Bureau,  would  include  in  an  annex  differing 

views,  based  on  comments  made  during  final  government  review,  not  otherwise 

adequately  reflected  in  the  paper. 

3.  Such  Technical  Papers  are  then  made  available  to  the  Conference  of  the  Parties  or  its 
subsidiary  body,  m  response  to  its  rftqiiesf,  and  rherftafter  puhhcly  If  initiarftfl  hy  the  Panel 
Technical  Papers  are  made  available  publicly  In  either  ca.se,  IPCC  Technical  Papers  prominently 
state  in  the  beginning  : 

"This  is  a  Technical  Paper  of  the  Iniergoveminenial  Panel  on  Climate  Change  prepared 
in  response  to  a  frequest  from  the  United  Nations  Framework  Convention  on  Climate 
Chaii.^c]  /  [decision  of  ilie  Panel].  The  iiiaiciial  heieiii  has  undei^one  expert  and 
government  review  but  has  not  been  considered  by  the  Panel  for  possible  acceptance  or 
approval." 

4.  The  Panel  agreed  that  these  procedures  should  be  reviewed  in  1 997 


I  he  Procedures  stale'  'Preparaijon  of  the  first  draft  of  a  repon  should  be  undertaken  by  lead 
nuthors  idcnuliod  by  ihc  rclcvani  Wirrking  Cruup  biuvnu  from  those  c\pcn>  citol  m  ihc  li.sis  proviJcd  by  all  counirica 
and  participating  organizatior^^.  v/ilh  due  coiuiderniion  belnp  given  lo  those  knovm  tliromth  ihi-ir  piihliraii(\n  nr  w^rk 
in  sofar  a.s  practicable,  the  composition  of  the  group  of  lend  nuihors  for  a  .section  of  n  rcpon  <;hall  rcllcLi  fair  balance 
among  diUcrLnn  poiniK  of  view  that  caji  reatonably  be  eNp«cied  I'ly  the  Working  Group  bur«nu.  nnd  should  include  si 
least  one  expert  from  a  dcvclopinn  country. 

"  li  may  be  ruoillol  that  in  the  preparauon  ol  its  contribution  to  the  U'CC  .'Second  Assessment  Kepon. 

Wurkinj!  Gruup  I  ujiiUuticU  div-  e.\iicil  miJ  t^Dvcnniiciii  lcvicl«.^  coiicuiiciilly     The  tmic  jivcn  for  cxpcn  nnd 
govenunent  comments  wns  eiglit  week'. 
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S  The  IPCC  requested  its  Bureau  to  consider  initiating  Technical  Papers  on  the  following 
topics  (which  respond  to  requests  from  the  Subsidiary  Body  for  Scientific  and  Technological 
Advice  of  the  Conference  of  the  Panics  to  the  UN  Framewoik  Coiivciiiion  uii  Cliiiiaic  Clianse) 
in  1996.  after  consultation  in  i!ie  IPCC/SBSTA  (COP)  Joint  Working  Group 

*  Technology  transfer; 

*  Impacts  (scientific,  economic  and  environmental)  of  climate  change  and  of 
response  measures  emphosizing  the  needs  and  opportunities  for  developing 
countries; 

*  Gobal  stabilization  of  greenhouse  gases  concentrations  (looking  at  scenarios  and 
pathways  to  stabilization); 

*  Simple  Climate  Models. 
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I.    INTRODUCTION 

1 .  Extracts  from  the  provisional  reports  of  the  Subsidiary  Body  for  Scientific  and 
Technological  Advice  (SBSTA)  and  the  Subsidiary  Body  for  Implementation  (SBI),  at  their 
second  sessions  held  in  Geneva  from  27  February  to  4  March  1996,  are  reproduced  in  the 
present  document,  in  sections  lU-IX.     The  provisional  reports  are  subject  to  review  by  the 
responsible  officers  of  the  subsidiary  bodies  and  to  editorial  changes.   It  has  not  been 
possible  to  reproduce  the  conclusions  from  all  agenda  ^ms  of  the  SBI  as  a  number  of  these 
are  still  being  fmalised.   The  document  has  been  prepailpd  for  the  convenience  of  delegates 
and  will  be  superseded  by  the  sessional  reports  in  due  course.   With  the  aim  of  providing  a 
clear  indication  of  action  taken  on  each  topic,  the  conclusions  have  been  regrouped  by  topic, 
rather  than  being  presented  by  agenda  item  of  the  two  subsidiary  bodies. 

2.  In  their  conclusions,  the  SBSTA  and  the  SBI,  at  their  second  sessions,  requested  the 
secretariat  to  prepare  a  number  of  documents  that  would  take  into  account  the  views 
submitted  by  Parties  to  be  received  after  the  second  sessions.   These  requests  for  submissions 
have  been  simunarized  in  section  n  below.   Some  other  items  on  which  Parties  are  invited  to 
take  action  have  also  been  summarized. 

3.  In  addition  to  those  submissions  that  Parties  have  specifically  been  invited  to  provide 
by  the  SBSTA  and  the  SBI,  the  secretariat  would  also  welcome  the  submission  of  views  on 
any  other  matters  that  are  under  consideration  by  these  bodies.   These  latter  submissions, 
however,  will  not  be  reproduced  and  distributed  as  a  miscellaneous  document,  but  will 
remain  for  secretariat  use  only. 

4.  To  facilitate  the  work  of  the  secretariat,  it  would  be  very  much  appreciated  if  all 
submissions  would  identify  explicitly  and  clearly  the  request  from  which  they  emanate.   In 
view  of  the  short  time  available  to  the  secretariat  to  prepare  the  requested  documentation,  it 
would  be  helpful  if  irq>uts  were  made  available  even  before  the  deadlines  indicated.   Fax  or 
electronic  mail  would  be  a  suitable  medium  for  advance  submissions. 

5.  Governments  wishing  that  their  submission(s)  be  incorporated  in  compilations  should 
clearly  so  request  and  are  invited  to  provide  a  single-spaced  original  text  suitable  for 
reproduction.    Fax  or  electronic  mail  is  not  a  suitable  medium  for  this  purpose. 

6.  Compilations  will  be  issued  in  the  original  languages  of  submissions.   Any 
Government  which  feels  that  a  translation  of  its  submission  would  help  its  wider 
dissemination  is  invited  to  provide  such  a  translation  to  the  secretariat  for  inclusion  in  the 
compilation. 
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n.    ACTION  REQUIRED  BY  PARTIES 

Scientific  Assessments:   Consideration  of  the  Second  Assessment  Report 

of  the  Intergovernmental  Panel  on  Climate  Change 

(agenda  item  4  (a)  of  SBSTA  2) 

7.  The  SBSTA  invited  Parties  to  submit  their  views  on  the  Second  Assessment  Report 

to  facilitate  a  full  consideration  of  the  Report,  to  be  transmitted  to  the  secretariat  by  30  April 
1996. 

8.  The  SBSTA  invited,  inter  alia.  Parties  to  make  the  findings  and  projections  of  the 
second  assessment  report  available  in  a  suitable  form  to  different  audiences  with  special 
attention  being  given  to  the  impacts  and  circumstances  at  the  national  and  regional  level. 

9.  The  SBSTA  requested  the  secretariat  to  prepare  a  summary  report  on  research  and 
observation  issues,  in  close  collaboration  on  with  Parties,  amongst  other  entities.   The 
secretariat  would  welcome  suggestions  from  Parties  on  this  topic,  preferably  before 

15  April  1996. 

Communications  from  Parties  included  in  Annex  I  to  the  Convention 
(agenda  item  5  (a)  of  SBSTA  2) 

10.  The  SBSTA  recalled  decision  3/CP.  1  requesting  Annex  I  Parties  to  submit  to  the 
secretariat  national  inventory  data  for  the  period  1990-1993  and,  where  available,  for  1994 
by  15  April  1996.  and  encouraged  these  Parties  to  submit  these  data,  recognizing  that 
Aimex  I  Parties  with  economies  in  transition  may  exercise  a  certain  degree  of  flexibility 
based  on  Article  4.6  of  the  Convention  regarding  these  submissions. 

1 1 .  The  SBSTA  invited  Annex  I  Parties  to  forward  to  the  secretariat  their  suggestions 
related  to  presentation  of  inventory  data  on  the  land  use  change  and  forestry  sector  for  years 
subsequent  to  1990  and  on  projections  in  this  sector,  as  well  as  on  aggregating  data  on 
greenhouse  gases  sources  and  sinks  from  this  and  other  sectors,  by  1  April  1996. 

12.  The  SBSTA  invited  Parties  to  submit  views  on  possible  revisions  to  the  Guidelines  as 
suggested  in  document  FCCC/SBST A/ 1996/3  bv  1  April  1996  (see  also  paragraph  16  on 
transfer  of  technology  below). 

13.  The  SBSTA  urged  Parties  included  in  Annex  I  to  the  Convention  that  have  not  yet 
submitted  national  conununications  to  do  so  in  time  for  the  second  session  of  the  Conference 
of  the  Parties  (COP  2). 
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Communications  from  Parties  not  included  in  Annex  I  to  the  Convention 
(agenda  item  3  (b)  of  SBI  2) 

14.  The  SBI  invited  Parties  not  included  in  Annex  I  to  nominate  national  focal  points  for 
facilitating  assistance  for  the  preparation  of  the  initial  communications. 

Technology  inventory  and  assessment 
(agenda  item  7  of  SBSTA  2) 

15.  The  SBSTA  urged  all  Parties  who  have  not  already  done  so  to  provide  the  secretariat 
information  and  databases  on  environmentally  sound  and  economically  viable  technologies 
and  know-how  conducive  to  mitigating  and  adapting  to  climate  change,  including  information 
from  the  private  sector  when  possible,  and  to  continue  to  do  so  on  a  routine  basis  in  the 
future. 

Transfer  of  technology 
(agenda  item  5  of  SBI  2) 

16.  The  SBI  invited  Parties  to  submit  comments  on  the  subjects  identified  in  the 
conclusions  on  this  agenda  item  to  the  secretariat  by  15  April  1996  (see  paragraphs  69-75 
below). 

Activities  implemented  jointly 
(agenda  item  6  of  SBSTA  2  and  agenda  item  6  of  SBI  2) 

17.  The  SBSTA  invited  Parties  to  submit  reports  in  accordance  with  the  initial  reporting 
framework  on  activities  implemented  jointiy  (see  section  VII  below).   If  the  Parties  choose 
not  to  report  jointiy,  the  secretariat  will  not  be  in  a  position  to  process  information  on  that 
project  imtil  reports  on  that  project  from  all  Parties  concerned,  particularly  developing 
country  Parties,  are  transmitted  to  the  secretariat. 

18.  The  SBSTA  invited  Parties  to  identify  the  relevant  governmental  authority /ministry 
authorized  to  accept,  approve  or  endorse  activities  implemented  jointiy  and  to  report  to  the 
COP  through  the  secretariat. 

19.  The  SBI  invited  Parties  to  submit  information  to  the  secretariat  by  1  April  1996  in 
accordance  with  the  SBSTA  decision  for  inclusion  in  a  progress  report  on  activities 
implemented  jointiy  (see  paragraphs  section  Vn  below). 

Establishment  of  intergovernmental  technical  advisory  panel(s) 
(agenda  item  3  of  SBSTA  2) 

20.  The  SBSTA  requested  the  Parties  to  submit  comments  on  the  concept  of  a  roster  of 
experts  to  assist  the  Convention  process  in  the  conduct  of  its  work,  including  the  disciplines 
that  such  a  roster  might  cover,  by  1  April  1996. 
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m.   SCIENTIFIC  ASSESSMENTS 

A.    Extract  from  the  provisional  report  of  the  SBSTA 

Consideration  of  the  Second  Assessment  Report  of  the 

Intergovernmental  Panel  on  Climate  Change 

(agenda  item  4  (a)  of  SBSTA  2) 

1.    Proceedings 

21.       Some  delegations  drew  attention  to  a  mmiber  of  important  fmdings  in  the  Second 
Assessment  Report  which  they  felt  should  be  communicated  to  all  bodies  of  the  Convention 
and  particularly  to  the  AGBM,  for  consideration.   These  delegations  highlighted  that  these 
fmdings  underlined  the  necessity  for  urgent  action  to  address  adverse  effects  of  climate 
change,  including  mitigation  and  adaptation;. 

(a)  Atmospheric  concentrations  of  greenhouse  gases  and  aerosols  are  increasing 
largely  because  of  human  activities  (IPCC  Synthesis  Report,  Section  2.2,  2.3); 

(b)  Climate  has  changed  over  the  past  century  (S.R.  2.4); 

(c)  The  balance  of  evidence  suggests  a  discernible  human  influence  on  global 
climate  (S.R.  2.4); 

(d)  Without  specific  policies  to  mitigate  climate  change,  the  global  mean  surface 
air  temperature  relative  to  1990  is  projectied  to  increase  by  about  2  degrees  Celsius  (between 
1.0  and  3.5  degrees  Celsius)  by  2100.   This  is  probably  greater  than  any  observed  during  the 
last  10,000  years  (S.R.  2.8); 

(e)  Average  sea  level  is  projected  to  rise  by  about  50  centimetres  (between  15  and 
95  centimetres)  above  present  levels  by  21(X)  (S.R.  2.8); 

(f)  Stabilization  of  atmospheric  concentrations  at  twice  pre-industrial  levels  will 
eventually  require  global  emissions  to  be  less  than  50  percent  of  current  levels  (S.R.  4.10); 

(g)  Even  if  the  concentrations  of  greenhouse  gases  were  stabilized  at  2100,  global 
mean  surface  air  temperature  would  continue  to  rise  for  some  decades,  and  sea  level  for 
many  centuries  beyond  that  time  (S.R.  2.7,  2.8); 

(h)       The  projected  changes  in  climate  change  will  result  in  significant,  often 
adverse  impacts  on  many  ecological  systems  and  socio-economic  sectors,  including  food 
supply  and  water  resources,  and  on  human  health.    In  some  cases,  the  impacts  are  potentially 
irreversible  (S.R.  3.2,  3.3); 
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(i)  Developing  countries  and  small  island  countries  are  typically  more  vulnerable 
to  climate  change  (S.R.  3.3);  :■  .  ,.-: 

(j)  Significant  reductions  in  net  greenhouse  gas  emissions  are  techni«»Uy,  possible 
and  economically  feasible  by  utilizing  an  extensive  array  of  technology  and  policy  measures 
that  accelerate  technology  development,  diffusion  and  transfer  (S.R.  5.2); 

(k)       Significant  no  regrets  opportunities  are  available  in  most  countries  tqr  educe 
net  greenhouse  gas  emissions.    Furthermore,  the  risk  of  aggregate  net  damage  due  to  climate 
change,  consideration  of  risk  aversion,  and  the  precautionary  principle  provide  rationales  for 
action  beyond  no  regrets  (S.R.  8.2);  . 

(1)        A  portfolio  of  existing  cost  effective  technologies,  policies  and  measures  can 
be  used  to  markedly  reduce  the  net  emissions  of  greenhouse  gases  from  all  sectors  (S.R,  5.5, 
5.6,5.11,5.12,8.4); 

(m)      Flexible,  cost  effective  policies  relying  on  economic  incentives  and,  . 
instruments,  as  well  as  coordinated  instruments,  can  considerably  reduce  mitigation  and 
adaptation  costs,  or  can  increase  the  cost-effectiveness  of  emission  reduction  measures 
(S.R.  8.3); 

(n)  Equity  considerations  are  an  important  aspect  of  climate  change  policy  and  in 
achieving  sustainable  development.  The  intertemporal  aspects  of  climate  change  policy  also 
raise  questions  of  intergenerational  equity  (S.R.  6.1,  6.5); 

(o)       Uncertainties  remain  and  there  is  a  need  for  further  work  to  reduce  these 
uncertainties. 

22.  Other  delegations  expressed  their  view  that  it  is  very  premature  for  the  SBSTA  to 
attempt  to  highlight  specific  findings  of  conclusions  contained  in  the  Second  Assessment 
Report.   They  stated  their  belief  that  the  list  of  items  identified  by  certain  delegations  was 
highly  selective  and  reflected  a  very  limited,  and,  therefore,  biased  view  of  what  were 
important  fmdings  in  the  Second  Assessment  Report.    They  also  pointed  out  that  some  of  the 
items  listed  by  others  were  taken  out  of  context  and  failed  to  set  forth  important 
qualifications  that  the  IPCC  specifically  stated. 

23.  These  delegations  suggested  that  a  preliminary  review  of  the  IPCC's  Synthesis  Report 
indicated  that  other,  important  IPCC  fmdings  included,  inter  alia: 

(a)       Item  21  (c),  above,  is  merely  quoted  selectively  concerning  the  IPCC's 
conclusions  that  the  balance  of  evidence  suggests  a  discernible  human  influence  on  global 
climate.    It  fails  to  disclose  the  key  IPCC  finding  that  its  ability  to  quantify  the  human 
influence  is  limited  "because  there  are  uncertainties  in  key  factors."   It  fails  to  disclose  that 
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one  of  these  uncertainties  in  key  factors  concerns  the  magnitude  and  patterns  of  long-term 
natural  variability.  This  information  is  clearly  set  forth  in  the  Working  Group  I  Summary 
for  Policymakers,  page  4  and  in  the  IPCC  Synthesis  report,  para.  2.4. 

(b)  Item  21  (d),  above,  fails  to  disclose  that,  the  estimated  temperature  increase  of 
2°C  by  2100  is  approximately  1/3  lower  than  the  IPCC's  "best  estimate"  in  1990.   That 
information  is  contained  in  para.  2.7  of  the  Synthesis  Report  and  on  page  5  of  the  Working 
Group  I  Summary  for  Policymakers. 

(c)  Item  21  (e),  above,  fails  to  disclose  the  important  information  that  the  estimate 
of  sea  level  rise  by  2100  is  25  per  cent  lower  than  the  IPCC's  "best  estimate"  in  1990.   That 
information  is  found  in  para.  2.8  of  the  Synthesis  report  and  on  page  5  of  the  Working 
Group  I  Summary  for  Policymakers. 

(d)  Much  attention  has  been  paid  to  the  issues  of  so  called  extreme  events. 
Unfortunately  the  items  in  paragraph  21  above,  fail  to  disclose  the  very  important  conclusion 
that  "there  are  inadequate  data  to  determine  whether  consistent  global  changes  in 
climatevariability  or  weather  extremes  have  occurred  over  the  20th  century."   Such 
information  is  located  at  para.  2.5  of  the  Synthesis  report  and  on  p. 3  of  the  Woiidng  Group  I 
Summary  for  Policymakers. 

(e)  Certainly,  a  key  finding  of  the  IPCC  Synthesis  report,  found  in  para.  2.12,  is 
that  "many  uncertainties  and  many  factors  currently  limit  our  ability  to  project  and  detect 
future  climate  change." 

(0        Insofar  as  item  21  (h),  above  purports  to  deal  with  impacts  on  food  supply,  it 
is  seriously  misleading  because  it  fails  to  disclose  the  key  information  in  para.  3.13  of  the 
Synthesis  report  and  Section  3.3  of  the  IPCC  Working  Group  II  Simunary  for  Policymakers 
that  "existing  studies  show  that  on  the  whole,  global  agricultural  production  could  be 
maintained  relative  to  baseline  production  in  the  face  of  climate  change  projected 
underdoubled  equivalent  CO2  equilibrium." 

(g)      ,  Insofar  as  the  list  of  items,  above,  concern  response  strategies  and  call  for 
urgent  action,  it  should  be  recalled  that  IPCC  Working  Group  III  specifically  concluded  that 
"the  value  of  better  information  about  climate  change  processes  and  impacts  and  society's 
responses  to  them  is  likely  to  be  great,"  and  that  para. 8.4  of  the  Synthesis  report  called 
attention  to  "large  differences  in  the  cost  of  reducing  greenhouse  gas  emissions,  and 
enhancing  sinks,  among  countries  due  to  their  state  of  economic  development,  infrastructure 
choices,  and  natural  resources  base." 
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2.    Conclusions 

24.  The  Subsidiary  Body  for  Scientific  and  Technological  Advice  (SBSTA)  expressed  its 
appreciation  to  the  Intergovernmental  Panel  on  Climate  Change  (IPCC)  and  to  the  Chairman 
of  the  IPCC  for  the  excellent  work  carried  out  in  drawing  up  the  Second  Assessment  Report 
and  for  the  Chairman's  presentation  to  the  SBSTA  on  27  February  of  the  key  points  from  the 
report.   It  considered  the  Second  Assessment  Report  to  be  the  most  comprehensive 
assessment  of  available  scientific  and  technical  information  related  to  climate  change. 

25.  The  SBSTA  held  an  initial  exchange  of  views  on  the  Second  Assessment  Report 
during  its  meetings.   It  commended  the  entire  Second  Assessment  Report  to  all  bodies  of  the 
Convention  and  particularly  to  the  Ad  Hoc  Group  on  the  Berlin  Mandate  (AGBM).   The 
SBSTA  invited  Parties  to  send  their  views  on  the  Report  to  facilitate  a  full  consideration  of 
the  Report,  at  the  third  session,  in  keeping  with  its  mandate  as  contained  in  paragraph  1  of 
Annex  I  and  paragraph  1  of  Annex  IT  of  COP  decision  6/CP.l.   The  views  of  the  Pjulies 
should  be  transmitted  to  the  secretariat  by  30  April  1996. 

26.  The  SBSTA  decided  to  include  in  its  future  work  programme  the  key  questions, 
deriving  from  Article  2  of  the  Convention,  namely  the  level  of  atmospheric  greenhouse  gases 
concentrations  that  would  prevent  dangerous  anthropogenic  interference  with  the  climate 
system  and  the  paths  to  stabilization  at  that  level,  taking  into  account  the  common  but 
differentiated  responsibilities  of  Parties.   In  this  context,  the  IPCC  Second  Assessment 
synthesis  of  scientific-technical  information  relevant  to  interpreting  Article  2  of  the 
Convention  was  considered  as  an  important  scientifically -based,  comprehensive  analysis.    It 
also  recognized  that  the  IPCC  would  have  to  provide  further  technical  inputs  that  would 
enable  the  SBSTA  and  the  Conference  of  the  Parties  (COP^  to  address  the  ultimate  objective 
of  the  Convention. 

27.  The  SBSTA  also  agreed  that  the  findings  and  projections  of  the  Second  Assessment 
Report  should  be  made  available  in  a  suitable  form  to  different  audiences  with  special 
attention  being  given  to  the  impacts  and  circumstances  at  national  and  regional  level.   It 
invited  Parties,  organizations  and  institutions  to  give  appropriate  attention  to  this  need. 

28.  The  SBSTA  took  note  of  the  information  provided  by  the  World  Meteorological 
Organization  (WMO),  and  by  a  number  of  Parties,  relevant  to  the  implementation  of 
Article  5  of  the  Convention,  on  Research  and  Systematic  Observation.   It  requested  the 
secretariat  to  prepare  a  summary  report  on  research  and  observation  issues,  with  attention  to 
Article  5,  and  particularly  to  Article  5  (c),  of  the  Convention,  in  close  collaboration  with 
Parties  and  concerned  international  organizations,  and.taking  into  account  the 
recommendations  of  the  Second  Assessment  Report,  for  consideration  by  the  third  session  of 
the  SBSTA  and  subsequently  by  the  COP. 


414 


FCCC/SB/1996/L.l 
Page  10 


Scientific  assessments:  Cooperation  with  the  Intergovernmental  Panel  on  Climate  Change 
(agenda  item  4  (b)  of  SBSTA  2) 

Conclusions 

29.  The  SBSTA  noted  with  appreciation  the  decisions  taken  by  the  IPCC  at  its  eleventh 
session  in  Rome  (December  1995),  on  its  future  work  programme,  and  particularly  that  it 
intends  to  prepare  a  Third  Assessment  Report  by  about  2000  and  continue  to  work  on 
methodologies  for  greenhouse  gas  inventory. 

30.  The  SBSTA  considered  the  conclusions  of  the  meetings  of  the  Joint  Working  Group 
of  officers  of  the  UNFCCC  and  the  IPCC.   Taking  into  account  also  the  statements  made 
during  the  session,  it  requested  the  IPCC  to  undertake  the  proposed  activities  in  support  of 
the  SBSTA  contained  in  the  annex  to  this  document,  and  advise  the  SBSTA  accordingly. 

31.  The  SBSTA  requested  the  secretariat  to  take  these  proposed  activities  as  the  basis  for 
proposing  a  financial  contribution  to  the  IPCC  in  1996,  as  provided  in  the  Convention  budget 
and  to  report  thereon  to  the  third  session  of  the  Subsidiary  Body  for  Implementation  (SBI) 
and  the  second  session  of  the  COP. 

32.  The  SBSTA  appreciated  that,  in  addition  to  the  proposed  activities  in  the  annex  to  this 
document,  the  IPCC  was  providing  enhanced  scientific  and  technical  information  to  the 
evolving  needs  of  the  AGBM. 

33.  The  SBSTA  noted  that,  for  several  issues  identified  in  the  annex  to  this  document 
FCCC/SBSTA/ 1995/3,  some  information  is  available  in  the  IPCC  Special  Report  1994,  the 
Second  Assessment  Report,  and  would  be  expected  to  be  included  in  the  Third  Assessment 
Report.   These  issues  are: 

•  Developing  and  /  or  assessing:   a)  methodologies  for  projecting  national, 
regional  and  global  emissions,   b)    methodologies  for  evaluating  the  effects  of 
measures,  and  c)   the  application  of  global  warming  potentials; 

•  Information  on  sources  and  sinks; 

•  Reducing  uncertainties  related  to  particulate  matter  and  tropospheric  ozone. 

34.  The  SBSTA  noted  further  that,  in  addition  to  its  sponsoring  bodies  WMO  and  UNEP, 
the  IPCC  was  cooperating  with  other  relevant  competent  international  organizations  in 
responding  to  the  need  for  objective  scientific  and  technical  advice,  and  emphasized  the 
importance  of  such  cooperation. 
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35.  Finally,  the  SBSTA  requested  its  Chairman  to  continue  the  series  of  meetings  of  the 
Joint  Working  Group  of  Officers  of  the  UNFCCC  and  the  IPCC,  as  and  when  appropriate, 
and  to  report  on  these  meetings  to  future  sessions  of  the  SBSTA. 


IV.   NATIONAL  COMMUNICATIONS 

A.   Extract  from  the  provisional  report  of  the  SBSTA 

Communications  from  Parties  included  in  Annex  I  to  the  Convention 
(agenda  item  5  (a)  of  SBSTA  2) 

Conclusions 

36.  The  Subsidiary  Body  for  Scientific  and  Technological  Advice  (SBSTA)  took  note  of 
the  progress  report  on  in-depth  reviews  (FCCC/SB/ 1996/2)  and  of  the  in-depth  review  • 
reports  issued  so  far  (FCCC/IDR.l/CZE,  FCCC/IDR.l/SWE,  FCCC/IDR.l/AUS, 
FCCC/IDR.l/USA,  FCCC/IDR.1/CAN,  FCCC/IDR.l/CHE).   The  SBSTA  endorsed  the 
format,  scope  and  approaches  of  the  in-depth  review  reports  and  emphasized  the  importance 
of  monitoring  the  overall  implementation  of  the  Convention.   The  SBSTA  took  note  with 
regret  that  the  time  schedule  for  these  reviews  as  set  by  the  first  session  of  the  Conference  of 
the  Parties  (COP  1)  could  not  be  met  owing  to  resource  limitations  and/or  scheduling 
problems.   It  stressed  the  importance  of  completing  the  first  cycle  of  in-depth  reviews  by  the 
end  of  1996  and  of  issuing  as  many  reports  as  possible  before  the  next  sessions  of  subsidiary 
bodies,  with  a  view  to  holding  a  substantive  discussion  at  those  sessions. 

37.  The  SBSTA  endorsed  the  proposed  outline  and  approaches  to  be  taken  during  the 
second  compilation  and  synthesis  of  first  national  communications,  as  suggested  by  the 
secretariat  in  its  document  FCCC/SB/ 1996/1.   The  SBSTA  requested  the  secretariat  to 
explore  ways  to  use  tables  in  the  compilation  of  policies  and  measures  and  to  describe 
national  circimistances,  inter  alia,  national  policy  targets. 

38.  The  SBSTA  took  note  of  preliminary  data  presented  in  document 

FCCC/SB/ 1 9%/ 1/ Add.  1  on  projections  of  emissions  of  greenhouse  gases  for  the  year  2(XX3 
which  indicate  that  many  Annex  I  Parties  will  have  to  make  additional  efforts  beyond  those 
included  in  projections  in  order  to  return  greenhouse  gas  emissions  to  base  year  levels  by 
2(X)0,  and  stressed  the  need  for  more  transparency  in  the  assumptions  made  in  these 
projections. 

39.  The  SBSTA  recalled  decision  3/CP.l  (FCCC/CP/1995/7/Add.l)  requesting  Annex  I 
Parties  to  submit  to  the  secretariat  national  inventory  data  for  the  period  1990-1993  and, 
where  available,  for  1994  by  15  April  1996.  and  encouraged  these  Parties  to  submit  these 
data  at  an  earlier  date  to  facilitate  preparation  of  the  second  compilation  and  synthesis  report. 
It  recognized  that  Annex  I  Parties  with  economies  in  transition  may  exercise  a  certain  degree 
of  flexibility  based  on  Article  4.6  of  the  Convention  regarding  these  submission.s. 
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40.  The  SBSTA  invited  Annex  I  Parties  to  forward  to  the  secretariat  their  suggestions 
related  to  presentation  of  inventory  data  on  the  land  use  change  and  forestry  sector  for  years 
subsequent  to  1990  and  on  projections  in  this  sector,  as  well  as  on  aggregating  data  on 
greenhouse  gases  sources  arid  sinks  from  this  and  other  sectors,  by  1  April  1996. 

41.  The  SBSTA  will  consider  technical  aspects  of  available  in-depth  review  reports  and  of 
the  second  compilation  and  synthesis  report  at  its  third  session  in  order  to  draw  relevant 
conclusions  to  the  attention  of  the  Subsidiary  Body  for  Implementation  and  the  Ad  Hoc 
Group  on  the  Berlin  Mandate  at  its  fourth  session  and  to  the  COP  at  its  second  session. 

42.  The  SBSTA  took  note  of  document  FCCC/SBSTA/ 1996/3  and  endorsed  the  proposals 
regarding  the  revisions  to  the  Guidelines  to  ensure  consistency  with  COP  decisions.  The 
SBSTA  requested  that  revised  guidelines  contain  more  specific  guidance  on  the  description  of 
policies  and  measures  and  their  effects,  projections  and  underlying  assumptions  and 
technological  cooperation  and  transfer  using,  where  feasible,  standardized  formats  and  tables. 
The  revised  guidelines  should  also  take  into  account  the  issues  referred  to  by  the  SB!  in  its' 
conclusions  on  the  transfer  of  technology.  The  SBSTA  invited  Parties  to  submit  views  on 
possible  revisions  to  the  Guidelines  as  suggested  in  document  FCCC/SBSTA/ 1996/3  by 

1  April  1996. 

43.  The  SBSTA  requested  the  secretariat  to  prepare  a  report  suggesting  possible  revisions 
to  the  Guidelines,  taking  into  account  the  submissions  by  Parties  and  the  experience  from  the 
review  process,  for  consideration  at  its  third  session,  aiming  at  adopting  revised  guidelines  at 
COP  2  in  time  for  the  preparation  of  second  national  communications  by  Annex  I  Parties. 

44.  The  SBSTA,  with  a  view  to  overcoming  inconsistencies  in  the  presentation  of  data  on 
inventories,  requested  the  secretariat  to  address  issues  such  as  temperature  adjustments, 
electricity  trade,  bunker  fuels,  use  of  global  warming  potentials,  land  use  change,  and 
forestry  in  the  documentation  to  be  prepared  for  consideration  by  the  SBSTA  at  its  third 
session. 

B.    Extract  from  the  provisional  report  of  SBI 

Cotnimunications  from  Parties  included  in  Annex  I  to  the  Convention 
(agenda  item  3  (a)  of  SBI  2) 

Conclusions 

45.  The  SBI  took  note  of  the  progress  report  on  in-depth  reviews  (FCCC/SB/ 1996/2)  and 
of  the  in-depth  review  reports  issued  so  far  (FCCC/IDR.l/CZE.  FCCC/IDR.  1/SWE. 
FCCC/IDR.l/AUS,  FCCC/IDR.  1/USA.  FCCC/IDR.  1/CAN,  FCCC/IDR.  1 /CHE).    It 
expressed  its  appreciation  to  the  Parties  which  have  hosted  in-depth  review  visits,  to  the 
Parties  and  intergovernmental  organizations  which  have  nominated  experts  and  to  the 
secretariat  for  the  coordination  of  these  reviews. 
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46.  The  SBI  concluded  that  the  progress  report  on  in-depth  reviews  provides  useful 
information  on  the  implementation  of  the  Convention.   It  also  urged  the  Parties  included  in 
Annex  I  to  the  Convention  that  have  not  yet  submitted  national  commimications  to  do  so  in 
time  for  the  second  session  of  the  Conference  of  the  Parties  (COP  2). 

47.  The  SBI  envisages  that  policy  aspects  of  the  available  in-depth  review  reports  are  to 
be  fully  considered  as  a  separate  agenda  item  at  its  third  session  in  order  to  draw  relevant 
conclusions  to  the  attention  of  the  Ad  Hoc  Group  on  the  Berlin  Mandate  at  its  fourth  session 
and  to  the  COP  at  its  second  session. 

48.  The  SBI  invited  the  SBSTA  to  consider  ways  of  enhancing  transparency, 
comparability  and  consistency  through  more  specific  reporting  guidelines,  including  standard 
formats  and  tables,  inter  alia,  for  the  description  of  policies  and  measures.   In  doing  so, 
these  Parties  are  invited  to  describe,  to  the  extent  possible,  the  specific  effects  expected  from 
individual  mitigation  measures. 

49.  The  SBI  invited  the  SBSTA  to  analyse  from  a  technical  point  of  view  reporting 
options  on  such  issues  as  temperature  adjustments,  electricity  trade,  bunker  fuels,  use  of 
global  warming  potentials  and  land  use  change  and  forestry  to  resolve  inconsistencies  in  the 
reporting  of  inventories  with  the  aim  of  enhancing  comparability.   It  also  invited  the  SBSTA 
to  make  relevant  recommendations  to  the  SBI. 

50.  The  SBI  endorsed  the  outline  aiKi  approaches  proposed  for  the  second  compilation  and 
synthesis  of  first  national  communications,  as  described  in  document  FCCC/SB/ 1996/1,  and 
suggested  that  the  presentation  of  policies  and  measures  should  highlight  those  that  are 
iimovative,  successful  and/or  potentially  replicable. 

51.  The  SBI  took  note  of  preliminary  data  presented  in  document 

FCCC/SB/ 1996/1/ Add.  1  on  projections  of  emissions  of  greenhouse  gases  for  the  year  2000 
which  indicate  that  many  Aimex  I  Parties  will  have  to  make  additional  efforts  beyond  those 
included  in  projections  in  order  to  return  their  greenhouse  gas  emissions  not  controlled  by 
the  Montreal  Protocol  to  base  year  levels  by  2000. 

52.  The  SBI  concluded  that  mechanisms  should  be  explored  to  facilitate  the  exchange  of 
experiences  in  carrying  out  national  programmes  to  implement  the  Convention.   In  that 
context,  the  SBI  requested  the  secretariat  to  convene  an  informal  workshop,  preferably  in 
conjunction  with  the  fourth  session  of  the  SBI,  focusing  the  discussion  on  the  implementation 
aspects  of  specific  policies  and  measures  taken  by  these  Parties.   This  workshop  could  also 
present  an  opportunity  to  assess  the  results  of  the  first  cycle  of  in-depth  reviews. 
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C.    Extract  from  the  provisional  report  of  the  SBSTA 

Communications  from  Parties  not  included  in  Annex  I  to  the  Convention 
(agenda  item  5  (b)  of  SBSTA  2) 

Conclusions 

53.  The  Subsidiary  Body  for  Scientific  and  Technological  Advice  (SBSTA)  recalled 
decisions  8/CP.l. 

54.  The  SBSTA  took  note  of  document  FCCC/SB/ 1996/3.  It  also  noted  with  appreciation 
document  FCCC/SB/ 1996/MISC.l/ Add.  1  containing  the  Position  Paper  of  the  Group  of  77 
and  China  on  recommendations  on  guidelines  and  format  for  preparation  of  initial 
communications  from  non- Annex  I  Parties,  which  was  developed  on  the  basis  of  the 
workshop  held  on  26  February  1996. 

55.  The  SBSTA  considered  document  FCCC/SB/MISC.l/Add.l  the  principal  basis  for  the 
adoption  of  guidelines  and  format  for  preparation  of  initial  communications  from  Parties  not 
included  in  Annex  I.  The  SBSTA  should  continue  consideration  of  the  item  in  the  subsequent 
session. 

D.    Extract  from  the  provisional  report  of  the  SBI 

Communications  from  Parties  not  included  in  Annex  I  to  the  Convention 
(agenda  item  3  (b)  of  SBI  2) 

Conclusions 

56.  The  Subsidiary  Body  for  Implementation  (SBI)  recalled  decisions  8/CP.l. 

57.  The  SBI  took  note  of  document  FCCC/SB/ 1996/3.  It  also  noted  with  appreciation 
document  FCCC/SB/1996/MISC.l/Add.l  containing  the  Position  Paper  of  the  Group  of  77 
and  China  on  recommendations  on  guidelines  and  format  for  preparation  of  initial 
communications  from  non-Annex  I  Parties,  which  was  developed  on  the  basis  of  the 
workshop  held  on  26  February  1996. 

58.  The  SBI  considered  document  FCCC/SB/ 1996/MISC.l/ Add.  1  as  the  principal  basis 
for  the  decision  to  adopt  and  implement  guidelines  and  format  for  preparation  of  initial  . 
communications  from  Parties  not  included  in  Annex  I.  It  also  noted  that  the  SBSTA  would 
continue  consideration  of  the  item  in  the  subsequent  session. 

59.  The  SBI  noted  the  intention  of  non  Annex  I  Parties  to  conduct  a  workshop,  as  a 
follow  up  to  the  earlier  one,  to  address  issues  relating  to  implementation,  and  requested  the 
secretariat  to  facilitate  assistance  in  this  regard,  in  accordance  with  Article  8.2. 
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60.  The  SBI  recalled  its  conclusions  on  agenda  item  4  (a). 

61.  The  SBI  invited  Paities  not  included  in  Annex  I  to  nominate  national  focal  points  for 
facilitating  assistance  for  the  preparation  of  the  initial  communications. 

62.  The  SBI  requested  the  secretariat  to  continue  to  facilitate  assistance  to  Parties  not 
included  in  Annex  I,  in  accordance  with  Article  8.2,  through  organizing  fora  for  the 
exchange  of  experiences  and  providing  relevant  information,  including  exchanges  between 
Parties,  on  the  preparation  of  initial  communications,  using  the  resources  of  the 
supplementary  fund. 


V.   TECHNOLOGY  INVENTORY  AND  ASSESSMENT 

A.   Extract  from  the  provisional  report  of  the  SBSTA 

Technology  inventory  and  assessment 
(agenda  item  7  of  SBSTA  2) 


Conclusions 


63.  The  Subsidiary  Body  for  Scientific  and  Technological  Advice  (SBSTA)  considered  the 
preparation  of  a  technology  inventory  and  assessment,  as  mentioned  in  decision  13/CP.l  of 
the  Conference  of  the  Parties  (COP),  and  based  its  discussions  on  the  initial  report  of  the 
secretariat  on  this  subject  (FCCC/SBSTA/ 1996/4).   It  recalled  the  division  of  labour  between 
the  SBSTA  and  the  Subsidiary  Body  for  Implementation  (SBI)  regarding  technology  issues  as 
indicated  in  decision  6/CP.l  on  the  subsidiary  bodies  established  by  the  Convention.   It  noted 
the  statements  of  the  Netherlands  regarding  the  Climate  Technology  Initiative  and  the 
statement  made  by  the  representative  of  the  United  Nations  Industrial  Development 
Organization  concerning  a  study  of  industrial  technologies. 

64.  The  SBSTA  recognized  that  the  identification  of  and  information  on  technologies  and 
know-how  that  could  assist  the  Parties  in  the  preparation  of  national  plans  would  be 
particularly  useful,  and  urged  all  Parties  who  have  not  already  done  so  to  provide  the 
secretariat  information  and  databases  on  environmentally  sound  and  economically  viable 
technologies  and  know-how  conducive  to  mitigating  and  adapting  to  climate  change, 
including  information  from  the  private  sector  when  possible,  and  to  continue  to  do  so  on  a 
routine  basis  in  the  future. 

65.  The  SBSTA  requested  the  secretariat  to  continue  its  activities,  in  cooperation  with 
other  relevant  organizations,  related  to  the  preparation  of  an  inventory  and  assessment  of 
environmentally  sound  and  economically  viable  technologies  and  know-how  conducive  to 
mitigating  and  adaptii^  to  climate  change,  to  take  into  consideration  the  activities  of  other 
United  Nations  agencies  and  intergovernmental  organizations,  and  other  relevant  programmes 
and  to  use  all  means  possible  to  communicate  the  information  to  Parties. 
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66.  The  SBSTA  requested  the  secretariat  to  identify  existing  sources  of,  as  well  as  gaps 
in,  information  concerning  technology  information  centres,  with  a  view  to  developing  a  plan 
for  setting  up  specialized  technology  information  centres  that  could  include,  inter  alia, 
sources  of  financing,  preparation  of  comprehensive  catalogues,  dissemination  at  information 
and  assessment  of  suitable  technology.   The  SBSTA  requested  the  secretariat  to  conduct  a 
survey  in  order  to  identify  needs  of  the  Parties  for  information  on  technologies  and  know- 
how  to  mitigate  and  adapt  to  climate  change,  to  prepare  a  programme  of  work,  and  to  report 
on  the  progress  on  these  for  consideration  at  the  third  session  of  the  SBSTA.    Such  a  work 
programme  could  consider  among  its  elements  options  for  future  development  of  a  database 
and  assessment  of  technology  and  should  be  elaborated  in  cooperation  with  other  relevant '' 
United  Nations  agencies  and  other  organizations  and  institutions.   The  SBSTA  further 
requested  the  secretariat  to  prepare  an  initial  catalogue  of  adaptation  technologies  and  know- 
how  including  information  on  their  costs,  environmental  impacts,  implementation 
requirements,  probable  time  frames  for  their  introduction  and  utilization,  and  other 
characteristics  for  consideration  by  the  SBSTA  before  the  third  session  of  the  COP,  and,  on 
this  matter,  coordinate  its  activities  with  the  Intergovernmental  Panel  on  Climate  Change. 

67.  The  SBSTA,  in  view  of  decision  13/CP.l,  requested  the  secretariat  to  develop  a  paper 
for  consideration  by  the  SBSTA  on  information  related  to  the  terms  of  transfer  of  technology 
and  know-how  currently  available. 

68.  The  SBSTA  further  requested  the  secretariat  to  periodically  inform  the  SBSTA  about 
new  information  on  technologies  and  know-how  in  the  research  and  development  stage  that 
may  be  conducive  to  mitigating  and  adapting  to  climate  change  and  activities  aimed  at. 
increasing  the  diffusion  and  commercialization  of  such  technologies  and  know-how. 


VI.   TRANSFER  OF  TECHNOLOGY 

A.   Extract  from  the  provisional  report  of  the  SBI 

Transfer  of  technology 
(agenda  item  5  of  SBI  2) 


Conclusions 


69.       The  Subsidiary  Body  for  Implementation  (SBI)  considered  the  initial  progress  report 
of  the  secretariat  on  concrete  measures  taken  by  Annex  II  Parties  to  the  Convention  with 
respect  to  their  commitments  to  transfer  technology  and  know-how,  as  mentioned  in 
decision  13/CP.l  of  the  Conference  of  the  Parties  (COP),  and  based  its  discussion  on  the 
note  by  the  secretariat  on  this  subject  (FCCC/SBI/1996/5). 
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70.  The  SBI  took  note  of  the  conclusions  of  the  SBSTA  (see  paragraphs  67-68  above) 
concerning  the  preparation  of  a  paper  on  information  regarding  the  terms  of  transfer  of 
technology  and  know-how,  and  stressed  the  need  to  give  greater  clarity  and  content  in  the 
preparation  of  this  paper  to  the  terms  and  mechanisms  of  technology  transfer.    It  also  urged 
the  secretariat  to  give  greater  consideration  to  its  activities  related  to  the  assessment  and 
evaluation  of  technologies  and  options. 

71.  The  SBI  recognized  the  need  to  improve  the  comprehensiveness,  comparability,  and 
detail  of  information  provided  by  Aimex  II  Parties  on  the  transfer  of  technology  and 
know-how  necessary  to  mitigate  and  facilitate  adequate  adaptation  to  climate  change.   It  also 
noted  that  decision  13/CP.l  urges  other  Parties  to  include  in  their  communications,  where 
possible,  information  on  measiu-es  taken  for  the  transfer  of  technology. 

72.  The  SBI  recognized  the  complementarity  of  the  roles  of  the  public  and  private  sectors 
with  regard  to  technology  transfer.   The  SBI  urged  Annex  II  Parties  to  continue  to  take 
concrete  steps  to  promote  technology  transfer.   The  SBI  urged  all  Parties,  in  particular  • 
Annex  n  Parties,  to  improve  the  enabling  environment  for  private  sector  participation  in 
particular,  and  to  support  and  promote  the  development  of  endogenous  capacities  and 
appropriate  technology  relevant  to  the  objectives  of  the  Convention,  pursuant  to  the  relevant 
articles  of  the  Convention  and  decision  13/CP.l.   The  SBI  agreed  to  provide  continuous 
advice  to  improve  the  operational  modalities  for  effective  transfer  of  technology. 

73.  The  SBI  requested  the  SBSTA  to  prepare  recommendations  on  the  guidelines  for 
national  communications  by  Aimex  I  Parties  for  consideration  at  the  third  session  of  the  SBI. 
The  SBI  recommended  that  the  modifications  should  aim  tp  improve  the  comprehensiveness, 
comparability  and  detail  of  information  provided  in  national  communications  and  should 
reflect  option  3  given  in  the  secretariat  document  FCCC/SBI/ 1996/5  while  noting  the  need 
for  flexibility  in  reporting  private  sector  activities. 

74.  The  SBI  further  requested  the  secretariat  to  prepare  a  report,  after  consultations  with 
relevant  United  Nations  agencies  and  other  organizations  and  institutions,  on  technology 
transfer  cooperation  by  the  private  sector  for  consideration  by  the  SBI,  preferably  in  time  for 
COP  3,  but  no  later  than  COP  4. 

75.  The  SBI  invited  Parties  to  submit  comments  on  these  subjects  to  the  secretariat  by 
15  April,  1996  and  requested  the  secretariat  to  prepare  a  compilation  of  views  submitted  by 
the  Parties. 
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vii.  ACTrvrriES  implemented  jointly  under  the  pilot  phase 

A.    Extract  from  the  provisional  report  of  the  SBSTA 

Activities  implemented  jointly  under  the  pilot  phase 
(agenda  item  6  of  SBSTA  2) 

Conclusions 

The  Subsidiary  Body  for  Scientific  and  Technological  Advice: 

76.  Recalling  decision  5/CP.  1  of  the  Conference  of  Parties  at  its  first  session, 

establishing  a  pilot  phase  for  activities  implemented  jointly  and  setting  criteria  for  it, 
inter  alia,  that  no  credits  shall  accrue  to  any  Party  as  a  result  of  greenhouse  gas  emissions 
reduced  or  sequestered  during  the  pilot  phase  from  activities  implemented  jointly,  and  in 
particular  the  mandate  given  to  the  SBSTA,  in  coordination  with  SBI,  to  establish  a  reporting 
framework  for  activities  implemented  jointly  under  the  pilot  phase  (FCCC/CP/1995/7/Add.l, 
decision  5/CP.  1). 

(a)  Decides 

(i)         To  adopt  the  initial  reporting  framework  annexed  to  this  decision. 

(b)  Invites 

(i)        Parties  to  identify  the  relevant  governmental  authority/ministry 

authorized  to  accept,  approve  or  endorse  activities  implemented  jointly 
and  to  report  to  the  COP  through  the  secretariat. 

(ii)       Parties  to  submit  reports  in  accordance  with  the  initial  reporting 

framework  on  activities  implemented  jointly  annexed  to  this  conclusion. 

,  (iii)      SBSTA  and  SBI,  with  the  assistance  of  the  secretariat  to  compile  and 

synthesize  information  transmitted  by  the  Parties  in  the  form  of  a  report 
which  shall  be  considered  annually  by  the  COP,  and  based  on  this 
information,  to  develop  suggestions  for  improving  the  initial  reporting 
framework  and  for  addressing  methodological  issues,  as  necessary. 
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Annex  to  conclusions  on  activities  implemented  jointly  under  the  pilot  phase 

Introduction  ^ 

The  initial  framework  for  reporting  must  have  a  simple  and  transparent  structure.  It  is 
expected  that  subsequent  sessions  of  the  COP  and  its  subsidiary  bodies  could  elaborate 
further  on  the  framework  for  reporting,  taking  into  account  the  information  provided  by  the 
initial  rqwrts  transmitted  to  the  secretariat  or  comments  expressed  by  Parties. 

The  nature  of  the  information  contained  in  the  initial  rqx)rts  to  be  provided  by  Parties 
involved  in  AU  will  be  relevant  information  for  the  evaluation  of  the  ongoing  pilot  phase. 


INITIAL  FRAMEWORK  FOR  REPORTING  ACnVITIES  IMPLEMENTED 

JOINTLY 

1.    Who  rqwrts? 

Each  national  government  of  Parties  involved  in  activities  implemented  jointly  should 
report  sq>arately  to  the  COP  through  the  secretariat  on  a  project  by  project  basis  unless 
participating  Parties  agree  on  a  common  rqwrt  on  a  particular  project.   Any  Party  may 
report  on  national  programmes  for  activities  implemented  jointly,  for  information  purposes 
only. 

If  the  Parties  choose  not  to  report  jointly,  the  secretariat  will  not  process  information 
on  that  project  until  rqx)rts  on  that  project  from  all  Parties  concerned,  particularly 
developing  country  Parties,  are  transmitted  to  the  secretariat. 

2.    Frequency 

Rqwrts  may  be  transmitted  to  the  secretariat  at  any  time  and  should  be  updated,  if 
possible,  preferably  each  year,  unless  participating  Parties  decide  otherwise. 

3.    Contents  of  the  reports 

(a)  Description  of  the  project  (type  of  the  project,  identification  of  all  actors 
involved,  institutional  arrangements,  actual  costs  to  the  extent  possible,  technical  data,  long- 
term  viability  of  the  project,  location,  lifetime,  mutually  agreed  project  assessment 

•  procedures,  etc.); 

(b)  Governmental  acceptance,  approval  or  endorsement; 

(c)  Compatibility  with  and  siipportiveness  of  national  economic  development  and 
socio-economic  and  environment  priorities  and  strategies; 
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(d)  Benefits  derived  firom  the  AU  project; 

(e)  Calculation  of  the  contribution  of  AIJ  projects  that  bring  about  real, 
measurable  and  long-term  environmental  benefits  related  to  the  mitigation  of  climate  change 
that  would  not  have  occurred  in  the  absence  of  such  activities; 

(f)  Additionality  to  financial  obligations  of  Parties  included  in  Annex-II  of  the 
Convention  within  the  framework  of  the  financial  mechanism  as  well  as  to  current  official 
development  assistance  (ODA)  flows; 

(g)  Contribution  to  capacity  building,  transfer  of  environmentally  sound 
technologies  and  know-how  to  other  Parties,  particularly  developing  coimtiy  Parties,  to 
enable  them  to  implement  the  provisions  of  the  Convention.    In  this  process,  the  developed 
coimtry  Parties  shall  support  the  development  and  enhancement  of  endogenous  capacities  and 
technologies  of  developing  coimtry  Parties; 

(h)        Additional  comments  if  any  including  any  practical  experience  gained  or 
technical  difficulties,  effects,  impacts  or  other  obstacles  encountered. 


B.   Extract  from  the  provisional  report  of  the  SBI 

Conclusions  of  the  SBSTA  on  a  reporting  framework  for  activities 

implemented  jointlv  under  the  pilot  phase 

(agenda  item  6  (a)  of  SBI  2) 


Conclusions 


77.  On  the  basis  of  the  proposals  by  the  Chairman,  the  SBI  adopted  the  following 
conclusions. 

78.  The  SBI  took  note  of  the  decision  of  the  SBSTA  to  adopt  the  initial  reporting 
framework  for  activities  implemented  jointly  under  the  pilot  phase. 

79.  The  SBI  also  requested  the  secretariat  to  prepare  a  progress  report  on  activities 
implemented  jointly  for  its  next  session  to  be  held  immediately  prior  to  the  second  session  of 
the  Conference  of  the  Parties.    Delegations  were  invited  to  submit  information  to  the 
secretariat  in  accordance  with  the  SBSTA  decision  for  inclusion  in  the  report  by 

1  April  1996. 

80.  The  SBI  noted  tliat  it  will  consider  this  issue  again  at  its  next  session. 
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Vra.    ESTABLISHMENT  OF  INTERGOVERNMENfTAL  TECHNICAL 
ADVISORY  PANEL(S) 

A.    Extract  from  the  provisional  report  of  the  SBSTA 

Establishment  of  intergovernmental  technical  advisory  panel(s) 
(agenda  item  3  of  SBSTA  2) 

Conclusions 

81.  The  SBSTA  recognized  that  ITAPs  had  the  potential  to  make  an  important 
contribution  to  the  processes  under  the  Convention  and  to  the  implementation  of  the 
Convention  by  Parties,  in  particular  by  providing  an  opportunity  to  draw  upon  the  broad 
range  of  expertise  available  in  Parties.    However,  at  this  stage  the  SBSTA  could  not  agree  on 
the  modalities  for  such  a  panel,  or  panels,  and  decided  to  request  guidance  from  the  next 
session  of  the  COP  on  this  issue;  in  this  context  it  requested  its  Chairman  to  report  to  the 
COP. 

82.  The  SBSTA  also  recognized  that  it  may  be  beneficial  to  develop  a  roster  of  experts  to 
assist  the  Convention  process  in  the  conduct  of  its  work.    It  requested  the  Parties  to  submit 
comments  on  the  concept  of  a  roster,  including  the  disciplines  that  such  a  roster  might  cover 
by  1  April  1996.   It  requested  the  secretariat  to  compile  the  comments  and  to  prepare  a  paper 
on  this  subject. 

K.   FINANCIAL  AND  TECHNICAL  COOPERATION 

A.    Extract  from  the  provisional  report  of  the  SBI 

Matters  relating  to  the  financial  mechanism 
(agenda  item  4  (a)  of  SBI  2) 


Conclusions 


83.  On  the  basis  of  the  proposals  by  the  Chairman,  the  SBI  adopted  the  following 
conclusions. 

84.  The  SBI  considered  document  FCCC/SBI/ 1996/3  and  took  note  of  the  information 
contained  therein  on  relevant  action  taken  by  the  Council  of  the  Global  Environment  Facility 
(GEF),  including  the  adoption  by  the  Council  of  the  GEF  of  its  operational  strategy. 

85.  The  SBI  concluded  that: 

(a)  The  GEF,  as  the  interim  operating  entity  of  the  financial  mechanism  of  the 
United  Nations  Framework  Convention  on  Climate  Change  and  its  implementing  agencies 
should  provide  expeditious  and  timely  support  under  Articles  4.3  and  12.5  for  the 
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preparation  of  national  communications  by  developing  country  Parties  in  accordance  with 
Article  12.1; 

(b)  The  GEF,  as  the  interim  operating  entity  of  the  financial  mechanism  of  the 
United  Nations  Framework  Convention  on  Climate  Change,  in  that  connection,  should 
consider  country-specific  needs  but  could  also  consider  approaches  which  may  be  used  for 
several  countries  with  similar  needs  upon  request,  and  take  into  account  that  the  preparation 
of  national  communications  is  a  continuing  process.    In  this  regard,  the  guidelines  to  be 
adopted  by  the  Conference  of  the  Parties  (COP)  on  the  preparation  of  the  national 
communications  of  non-Annex  I  Parties  should  be  taken  fiiUy  into  account; 

(c)  The  GEF,  as  the  interim  operating  entity  of  the  financial  mechanism  of  the 
United  Nations  Framework  Convention  on  Climate  Change,  in  this  initial  period,  should 
implement  enabling  activities  consistent  with  the  guidance  provided  to  it  by  the  COP  and 
expedite  the  disbursement  of  resources  to  meet  the  agreed  full  costs  of  such  activities  in 
accordance  with  Article  4.3,  in  particular  the  initial  and  subsequent  preparation  of  national 
communications  of  Parties  not  included  in  Aimex  I  to  the  Convention. 

Technical  and  financial  cooperation:   progress  report 
(agenda  item  4  (b)  of  SBI  2) 

Conclusions 

86.  On  the  basis  of  the  proposals  by  the  Chairman,  the  SBI  adopted  the  following 
conclusions. 

87.  The  SBI  considered  document  FCCC/SBI/ 1996/4  and  took  note  of  die  information 
contained  therein  on  secretariat  activities  in  the  area  of  technical  and  financial  cooperation,  in 
particular  its  efforts  ca  CC:INFO,  CC:FORUM  and  CC:TRAIN. 

88.  The  SBI  concluded  that: 

(a)  Services  provided  by  the  secretariat  in  this  area  should  be  recognized,  in 
particular  those  promoting  the  exchange  of  information  through  CC:INFO  and  those  aiming 
at  the  coordination  of  activities  and  the  effective  utilization  of  resources  for  support  to  the 
preparation  of  national  communications  through  CC: FORUM. 

(b)  The  secretariat  should  prepare  a  report  for  the  next  session  of  the  SBI  on 
possibilities  for  strengthening  and  expanding  these  activities  in  support  of  the  preparation  of 
the  national  communications  of  Parties  not  included  in  Annex  I  to  the  Convention. 
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Scientific  assessments:  Cooperation  with  the  Interpoveminei^tal  P^nel  on  Climate  Change 
(agenda  item  4  (b)  of  SBSTA  2) 

Conclusions 

29.  The  SBSTA  noted  with  appreciation  the  decisions  taken  by  tibe  EPCC  at  its  eleventh 
session  in  Rome  (December  1995),  on  its  future  work  programme,  and  particulariy  that  it 
intends  to  prq)are  a  Third  Assessment  Rqx)rt  by  about  2(XX)  and  continue  to  work  on 
methodologies  for  greenhouse  gas  inventory. 

30.  The  SBSTA  considered  the  conclusions  of  the  meetings  of  the  Joint  Working  Group 
of  officers  of  the  UNFCCC  and  the  IPCC.  Taking  into  account  also  the  statements  made 
during  the  session,  it  requested  tiie  IPCC  to  undertake  the  proposed  activities  in  support  of 

_the  SBSTA  contained  in  tiie  annex  to  this  documrat,  and  advise  die  SBSTA  accordingly. 

31.  The  SBSTA  requested  the  secretariat  to  take  these  proposed  activities  as  the  basis  for 
proposing  a  financial  contribution  to  the  IPCC  in  1996,  as  provided  in  the  Convention  budget 
and  to  rqport  thereon  to  the  third  session  of  tiie  Subsidiary  Body  for  Implementation  (SBI) 
and  the  second  session  of  the  COP. 

32.  The  SBSTA  appreciated  that,  in  addition  to  the  proposed  activities  in  the  aimex  to  this 
document,  the  IPCC  was  providing  enhanced  scientific  and  technical  information  to  the 
evolving  needs  of  the  AGBM. 

33.  Hie  SBSTA  noted  that,  for  several  issues  identified  in  the  annex  to  this  document 
FCCC/SBSTA/1995/3,  some  information  is  available  in  the  H»CC  Special  Rqport  1994,  the 
Second  Assessment  Report,  and  would  be  expected  to  be  included  in  the  Third  Assessment 
Report,   lliese  issues  are: 

•  Developing  and  /  or  assessing:   a)  mi^odologies  for  projectiDg  national, 
regional  and  global  emissions,  b)    metiiodologies  for  evaluating  the  effects  of 
measures,  and  c)  the  implication  of  global  wanning  potentials; 

•  Information  on  sources  and  sinks; 

•  Reducing  uncertainties  related  to  particulate  matter  and  tropospheric  ozone. 

34.  The  SBSTA  noted  further  that,  in  addition  to  its  sponsoring  bodies  WMO  and  UNEP, 
the  IPCC  was  cooperating  with  other  relevant  competent  international  organizations  in 
responding  to  the  need  for  objective  scientific  and  technical  advice,  and  emphasized  the 
importance  of  such  cooperation. 
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35.       Finally,  the  SBSTA  requested  its  Chairman  to  continue  the  series  of  meetings  pf  the 
Joint  Woridng  Group  of  Officers  of  the  UNFCCC  and  the  IPCC,  as  and  wlien^^pio^riate,    ' 
and  to  report  on  these  meetings  to  future  sessions  of  the  SBSTA.  ■'"''^  "''■  ''"'''• 
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IPCC  BUDGET  ESTIMATE  FOR  1993-1995 

(submitted  by  the  Chairman,  IPCC) 

All  amounts  oited  in  tho  estimate  are  In  Swlcc  Franoo  unices 
otherwise  stated. 

1.    Budget  estimate  for  the  balanea  of  ^o^n  and  1994-1995 


1993 

1994 

1995 

Total 

IPCC 

Sooret. 

support' 

46£<0002 

400, 000^ 

400, 000^ 

1,266,000 

Meeting 
costs 

741, 000^ 

780, 000^ 

1,521,000 

Support  to 
DCB/EITS 
for  IPCC 
meetings 

2,671,200^ 

2,671, 200^ 

5,342,400 

Lead 
Authors 
-  support 
(DCS  and 
others) 

140, OOO' 

930,000' 

930,000' 

2,000,000 

Workshops 

800,000' 

800,000' 

1,600,000 

Publica- 
tions 

200,000* 

7* 

200,000+ 

emissions 
Invento- 
ries 

300,000 

300,000 

600,000 

Current 

cash 

deficit 

256.000* 

256,000 

1  Total 

1,162,000* 

6.042,200 

3,581,200+ 

12,785,400 

'=  ^^il^lS^Jf^  .'«^J^!  *'l!*"''*?!l"'^L''*i.",'L'»*L'r5.**"'*'»'''  "^  '•«•  «•"<"■  »r<.o<--n»t  Officer;  the*. 
■r»  200,000  tod  ISO, 000  lod  *r*  bom*  by  th«  UKO  «nd  (MCP  r««p««tlvtly. 

2;  Taken  fro*  lOCC-llt/Ooe.t.  Th«  lur«tu  w.ttna  (h(Mn  f.r  I.e.  WJ  h..  b..n  »t««  t.  J-4  f.brw«rv  1994  (n 
C«n«v«, 

:  ue  I  ■  OC.  «J  EIT..  SOO.OOO;  WC  H  -  DC.  «^  EIT..  700.000;  Wfl  Ml  -  0C»  Jrf  em  4M  000-  .U  zIk,- 
Kiout  20  w»  freni  fn*j«irttlli«d  eotjitrlet  w«s  ctnnot   rind  o(n«r  lUTDorc     too  ou'o    uortihooi-  wc  I   - 

t'  VJ^il'n"'  '"!  f»*"««'«2,V  '."""fj  *^',*'  ''I?!''!."  '^•^*'-  "•»  '"Ptt..  QuatUy  «f  report  tmn»r 
to  tti«  -VWO  CBtdogue  of  BAlteiUqiu".  Co»t  of  (liikUhlna  th«  i,cof,J  iti«ti««nt  Report.  itUl  to  bo 
eattiuted. 
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TABLE 

ATPROVCD  IPCC  BUDGET  POR  1996-1997 


Year 

1996 

1997 

GHG  Emission  Inventories  (see  appendix  C) 

494,000 

550.000 

IPCC  Session 

750,000 

750,000 

IPCC  Bureau 

162.000 

162.000 

Working  Group  Sessions  (3  in  2  years; 
average  per  year) 

i.ii.s.oriii 

1,125.000 

Preparation  of  IPCC  Technical  Papers 

420.000 

140,000 

Preparation  of  IPCC  Special  Reports 

110.000 

310.000 

IPCC  Workshops 

495.000 

495,000 

Information  Disscnutiaiiou  Scmiiuini 

40.000 

40,000 

Secretarial  suppon  costs* 

550.000 

550.(MH) 

TOTAL 

4,146,000 

4.122,000 

Less  expected  carry  over  into  the  biennium'' 
(estimate) 

546.400 

Less  expected  WMO  contribution' 

200,000 

200.000 

Less  expected  UNEP  contribution 

125,000 

125.000 

Lcs5  possible  fruin  COP/UNFCCC 
($310,000  annually  @  1S  =  1.15CHF) 

356.500 

356.500 

Less  possible  from  GEF 

HINDS  NKKDHl") 

2,918.100 

3.440,500 

Tlic  iuppon  requested  In  1996  Is  for  renewine  coniracis  ihrougti  ihe  third  quaner  of  1997:  that  requested 
for  1997  is  for  cooiracu  through  ihc  third  quarter  of  1998. 

Caiiy-vvci  uiio  1996:  The  djiiouni  shown  im  page  1  Of  IPCC-Xl/Doc.  8  for  carry-over  was  CHF  398. 
000.  Add  10  this;  Japan  (S  50.000).  aboui  CHF  SS.OOO;  Norway,  CHF  17.900;  Denmark,  CIIF 
i'iS.UUU:  Germany  (DM  100.000).  about  CHF  RO  000.  USA  (%  l-Ul.OnO)  ;ihniit  CHF  MQ  Srtl  Th^n  lAf 
away  CHF  482.000  >b-jvvu  av,.)uiii  lidJy  i«ii  \)i^c  2  of  IPCCXUDoc.  8  fur  cipctiwJ  receipts.  The  new 
expected  carry-over  comet  to  CHF  516.100. 

Tlic  TwclfiJi  Mctc^Molotii-aJ  Coii^ci5  iin-ica.->cO  ilic  Vi'MO  diiimal  Loiiii ibuliou  fioiii  12J.000  lu  200.(XX) 
for  19%  lOW 
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Table  I.  Overview  of  grants  received:  January  '94  -  February  '96 


Original    Currency 

FF 

Date    Received 

Grants   Received    1994 

Fluids  reinaining.  1993 

1.055,499 

Australia** 

A$  25.000 

97,500 

September  94 

Canada 

C$35,000 

155,750 

February  94 

Gennany 

US$  20.000 

104,000 

November  94 

Norway 

NKr  100.000 

86.566 

November  94 

Swiizeriand" 

CHF  50,000 

203,675 

August  94 

UNEP/GEF 

US$  200,000 

1,040,000 

January  94 

US  EPA 

US$  50.000 

260.000 

November  94 

US  EPA 

US$  35,000 

182.000 

November  94 

Total  to  end  of  1994 

3,184,990 

(CHF  796.248*"*) 

Grants   Received    1995 

EC 

ECU  55,000 

375.500 

January  95 

EC 

ECU  40.000 

260,000 

January  95 

IPCC 

CHF  440.000 

1.856.800 

April  95     • 

United  Kingdom 

GBP  1350 

10.538 

September  95 

IPCC 

CHF  210,800 

885360 

December  95 

United  Kingdom 

GBP  3.000 

22.800 

December  95 

US  EPA 

US$  50.000 

243.450 

September  95 

Netherlands  ** 

GLD  125.000 

375.000 

February  95 

Total   received   in   1995 

4,029,448 

(CHF  1.007362****) 

GranU   Received    1996 

' 

Norway 

NKr  100,000 

77,520 

February  96 

USA  -  through  IPCC  Trust 
Fund 

US$  50,000 

250000 

Expected 

Total  received  in   1996 

327,520 
(CHF  81,880****) 

Total    Income    1994- 
1996*** 

7,541,958 
(CHF  1,885,490****) 

*  Grants  received  are  accounted  for  in  FF 

**  Indicates  funds  donated  for  Programme  Managers  Bast 

•■*  Includes  expected  US  State  Department  Grant  (250,000  FF) 

*«•*  Conversion  rate  made  from  FF  to  CHF  at  4  FF  to  I  CHF 
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Explanatory  notes 

The  following  symbols  have  been  used  in  the  document: 

Two  dots  (..)  indicate  that  data  are  not  estimated  or  reported  in  the  national  communication. 

A  hyphen  (*)  indicates  that  the  item  is  not  applicable.  'j  ■: . 

A  minus  sign  (-)  indicates  a  deficit  or  decrease,  except  as  indicated. 

A  full  stop  (.)  is  used  to  indicate  decimals. 

(~)  before  data  indicates  an  approximation. 

(<J  indicates  that  the  actual  data  is  equal  or  below  that  provided. 

(>)  indicates  that  the  actual  data  is  equal  or  greater  than  that  provided. 

References  to  "dollars"  ($)  indicate  United  States  dollars. 

Details  and  percentages  in  tables  dp  not  necessarily  add  to  totals,  because  of  rounding. 
References   to  "guidelines"  are  to  the  "Guidelines  for  the  prq)aration  of  first 

communications",  document  A/ AC. 237/55,  annex  I,  decision  9/2. 
References  to  "IPCC  Guidelines"  are  to  IPCC  Draft  Guidelines  for  National  Greenhouse  Gas 

Inventories. 
Text  in  italics  under  the  tables  indicates  major  source/sink  categories  from  the  IPCC 

Guidelines. 

The  following  chemical  symbols  have  been  used: 


CF4 

Tetrafluoromethane 

CFCs 

Chlorofluorocarbons 

QF, 

Hexafluoroethane 

CH4 

Methane 

CO 

Carbon  monoxide 

CO2 

Carbon  dioxide 

HCFCs 

Hydrochlorofluorocarbons 

HFCs 

Hydrofluorocarbons 

N2O 

Nitrous  oxide 

NO, 

Nitrogen  oxides 

NMVOCs 

Non-methane  volatile  organic  compounds 

PFCs 

Perfluorocarbons 

SF, 

Sulphur  hexafluoride 

VOCs 

.Volatile  organic  compounds 

The  following  weights  have  been  used: 

Gg 

Gigagrams  (10'  grams) 

Mt 

Megatonnes  (10^  tonnes) 
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/    !li;v     I.   EXECUTTVE  SUMMARY 

■■■  j'jiTiih.':   ■ 

1.  National  communications'    were  received  from  15  Annex  I  Parties  in  time  to  be 
considered  in  the  prqjaration  of  this  corapUation  and  synthesis.    These  Parties  accounted  for 
41  per  cent  of  global  emissions  of  CO^  from  fossil  fuel  combustion  in  1990.^    Three  other 
communications  have  since  been  received. 

National  c-irciim.«rtances 

2.  Parties  emphasized  the  importance  of  particular  national  circumstances.    Thirteen 
Parties  mentioned  a  national  target  or  targets  that  are  supplementary  to  their  Convention 
commitments.   Six  of  these  anticipated  that  their  current  or  planned  policies  and  measures 
would  achieve  their  national  targets.    Several  Parties  pointed  to  the  evolutionary  nature  of 
climate  change  policy  whereby  measures  are  implemented,  progress  assessed  and  further 
measures  considered.    A  number  of  Parties  underlined  that  they  were  considering  the 
development  and  implementation  of  further  policies  and  measures. 

Inventories 

3.  All  reporting  Parties  communicated  a  1990  national  inventory  of  enussions  by  sources 
and  all  but  one  communicated  estimates  of  CO2  removals  by  sinks.    All  Parties  addressed 
CO2,  CH4,  N2O  and  precursors;  some  provided  estimates  of  other  gases,  and  some  used 
global  warming  potentials  (GWPs)  (see  tables  A.1-A.8).   CO2  was  confirmed  as  being  the 
most  important  greenhouse  gas  for  tiie  reporting  Parties.    Fuel  combustion  was  the  largest 
source  of  CO2  emissions,  with  most  of  these  emissions  coming  from  energy  and 
transformation  industries  and  transport.    "Managed  forests"  accounted  for  most  CO2 
removals.    The  largest  source  of  CH4  was  livestock,  with  waste  a  close  second.    NjO 
emissions  came  largely  from  agriculture  (fertilizer  use)  and  industrial  processes. 

4.  The  degree  of  confidence  associated  with  CO2  data,  in  particular  from  fuel 
combustion,  is  high  and  the  estimates  are  consistent  with  other  authoritative  sources.    The 
initial  technical  analysis  of  inventories  identified  information  gaps,  most  often  background 
data  or  inadequately  documented  methods.   The  minimum  documentation  standards  to  ensure 
transparency  were  not  always  followed  and  sufficient  information  to  enable  reconstruction  of 
the  data  was  not  always  provided.    A  number  of  potential  inconsistencies  and  difficulties  in 


'   The  term  'national  communications'  includes  communications  from  the  regional  economic  integration  organization  included  in  Annex  1 
to  the  Convention  and  ihould  also  b«  ,uiteq>reted  as  jiKluding  any  supplementary  information  provide*!  to  the  interim  setTretariat  by  Parties. 

'   OECD/IEA,  1994,  World  Energy  Outlook,  OECD,  Paris,  1994,  p.  90;  and  1992  IPCC  Supplement  -  Scientific  Assessment  of  Climate 
Change,  WMO/UNEP,  Geneva,  1992,  p.  8. 


23-558    96-15 
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aggregating  and  comparing  inventory  data  also  arose  (for  example,  the  use  of  adjustments  to 
account  for  climatic  conditions  or  electricity  imports)  on  which  guidance  is  needed. 

Policies  and  measures 

5.  All  reporting  Parties  are  implementing  policies  and  measures  to  mitigate  climate 
change;   most  rqwrted  actions  targeted  at  the  three  major  greenhouse  gases,  although  the 
focus  was  clearly  on  CO2.    Variations  in  the  level  of  detail  of  the  descriptions  of  policies  and 
measures  (in  particular,  the  status  of  implementation  and  estimates  of  effects)  complicated  the 
synthesis  process.    The  following  main  policy  thrusts  emerged: 

Increased  competition,  improved  efficiency  and  fuel  switching  in  power 

generation 

Improving  the  efficiency  of  industrial  equipment  and  processes 

Improving  automobile  ftiel  efficiency,  controlling  emissions,  encouraging 

public  transportation 

Improving  energy  efficiency  in  buildings,  mechanical  systems  and  appliances 

Reducing  emissions  from  animals  and  nitrogen  fertilizer  use 

Preserving  forest  biomass  and  encouraging  afforestation 

Minimizing  waste  and  reducing  emissions  from  landfills 

6.  The  residential,  commercial  and  institutional,  transport  and  industry  end-use  sectors 
appear  to  be  where  the  Parties  were  most  active.   When  taking  into  account  the  limited 
information  on  projected  effects  of  measures,  the  residential,  commercial  and  institutional 
sector  emerges  as  a  major  contributor  to  expected  CO2  emissions  limitations. 

7.  A  wide  array  of  policy  instruments  were  reported  as  being  used.    Regulatory  activity 
focused  on  appliance  and  industrial  equipment  standards,  vehicle  emission  standards  for 
precursors,  building  codes  and  forest  preservation.    There  was  widespread  use  of  economic 
instruments,  although  subsidies,  rebates  and  incentives  predominated  over  taxes,  except  in  a 
few  cases;  they  were  used  to  improve  the  efficiency  of  power  generation,  promote  renewable 
energy  and  alternative  fiiels,  encourage  the  use  of  public  transport  and  promote  afforestation. 
Taxes  were  most  frequently  mentioned  in  the  transport  and  waste  sectors,  although  broadly- 
based  taxes  were  mentioned  by  some  Parties.    Voluntary  agreements  were  mentioned 
particularly  where  large  industries  were  involved.   Information  and  education  programmes 
were  notable  in  the  agriculture  and  waste  sectors  and  in  regard  to  consumer  choices  in  most 
sectors.    Most  Parties  also  reported  on  research  and  development  programmes  aimed  at 
developing  technologies  or  practices  to  reduce  emissions,  particularly  with  regard  to  energy. 

8.         The  significance  of  international  cooperation  for  climate  change  policies  and  measures 
was  noted  frequently,  particularly  when  they  could  potentially  affect  trade  flows. 
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Projections  and  effects  of  measures 

9.  All  Parties  provided  "with  measures"  projections.  In  most  cases,  they  addressed  the 
three  major  greenhouse  gases  as  well  as  removals  by  sink  in  2000;  in  some  cases,  they  also 
gave  projections  rifor  other  gases  and  precursors.  One  Party  provided  figures  for  2005  and 
not  for  2000  Detailed  information  on  projections  of  emissions  and  removals  is  provided  in 
tables  1-7.  The  projections  are  not  comparable  between  Parties  and  the  individual  national 
totals  have  not  been  added.  Nine  Parties  provided  estimates  of  the  total  effects  of  measures, 
often  noting  methodological  difficulties  but  no  clear  conclusions  emerged. 

10.  The  projections  were  developed  using  different  approaches  and  assumptions,  although 
the  latter  were  in  line  with  those  used  elsewhere.    Most  Parties  provided  enough  information 
to  allow  for  a  qualitative  understanding  of  the  approaches  used,  although  it  was  often  not 
clear  which  policies  and  measures  were  reflected  in  the  projections.    Some  Parties  adjusted 
their  base  year  figures  upward  for  reasons  of  climatic  anomalies  or  electricity  imports. 

11.  The  "with  measures"  projections  reveal  a  different  pattern  for  CO2  emissions  than  for 
emissions  of  other  gases.    The  following  observations  compare  projected  figures  for  2000 
with  the  1990  figures  used  in  developing  the  projections  (three  of  which  included 
"adjustments")  rather  than  with  the  1990  inventory  figures,  smce  the  projections  were 
derived  from  the  former. 

12.  For  CO2  emissions  (excluding  land  use  change  and  forestry)  (table  1),  nine  Parties 
projected  an  increase  to  the  year  2000  in  the  absence  of  additional  measures.    Five  Parties 
projected  stabilization  or  a  decrease  for  2000.    Another  Party  projected  only  a  decrease  for 
2005.   Seven  Parties  projected  increased  "net"  COj  removals,  from  the  land  use  change  and 
forestry  sector  for  2000,  two  Parties  projected  stable  removals  and  one  Party,  decreasing 
removals.    (The  main  effect  of  adjustments  is  shown  in  table  1.) 

13.  For  CH4  (table  3),  all  but  two  Parties  projected  decreases.    No  clear  picture  emerges 
for  N2O  (table  4).   Few  Parties  provided  projections  of  other  gases  (table  5),  but  for  those 
that  did,  emissions  of  PFCs  were  decreasing,  while  emissions  of  HFCs  were  increasing.    If 
IPCC-I994  GWP  values  are  used  to  aggregate  the  emission  data  for  all  gases,  projected 
emission  levels  in  2000  were  below  1990  levels  for  five  Parties  and  above  for  nine  Parties 
(table  6).     One  Party  projected  a  decrease  to  2005.   For  three  of  the  Parties  whose 
emissions  were  projected  to  grow,  the  increase  was  less  than  2  per  cent.   If  CO2  removals 
are  included  (table  7),  then  seven  Parties  project  decreases  on  a  CO,  equivalent  basis. 

14.  In  due  time,  it  will  be  possible  to  assess  the  achievement  of  the  aim  of  returning 
emissions  to  1990  leveU  by  2000  by  comparing  the  inventory  figures  for  those  two  years.    At 
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present,  a  comparison  of  COj  projections  for  2000  with  inventories  for' 1990,  would  suggest 
a  somewhat  greater  need  for  additional  measures  than  is  indicated  by  the  above  analysis. 

15.  Several  Parties  stated  that  their  projections,  which  incorporated  current  policies  and 
measures,  did  not  necessarily  reflect  what  they  expected  their  emission  levels  to  be  in  2000 
as  they  intended  to  develop  and  implement  further  measures.  ' 

Finance,  technology  and  capacity  building 

16.  All  14  Annex  II  Parties  that  submitted  national  communications  have  made 
commitments  to  contribute  to  the  replenished  Global  Environment  Facility  (GEF);  all  but  one 
of  them  contributed  to  the  GEF  pilot  phase.   The  level  of  "new  and  additional"  resources, 
however,  cannot  be  determined  on  the  basis  of  the  communications  as  there  is  no  agreed 
benchmark  against  which  to  measure  this.    Although  financing  through  the  GEF  is  defined  in 
the  GEF  Instrument  as  "new  and  additional",  only  a  few  communications  indicated  explicitly 
that  their  contributions  to  the  GEF  were  "new  and  additional".    All  GEF  contributions  were 
reported  as  total  contributions  to  the  Facility  rather  than  to  the  climate  change  focal  area. 

17.  All  Annex  II  Parties  reported  on  some  activities  implemented  through  bilateral, 
regional  or  multilateral  channels.    It  was  not  possible  to  aggregate  the  reported  resource 
flows  owing  to  lack  of  comparable  data.    Much  effort  was  reported  on  capacity  building, 
especially  as  regards  country  studies  and  inventories.    With  regard  to  adaptation  and 
vulnerability  assessment,  most  of  the  activities  could  be  characterized  as  preparatory  studies. 

18.  The  discussion  on  technology  transfer  centred  on  approaches  and  mechanisms  for 
transfer  with  limited  discussion  of  specific  activities.    About  half  of  the  communications  also 
reported  on  bilateral  and  multilateral  assistance  to  countries  with  economies  in  transition. 

Other  commitments  and  issues 

19.  All  but  one  communication  discussed  vulnerability  to,  and  the  expected  impacts  of, 
climate  change.   Coastal  zone  impacts,  including  sealevel  rise,  and  impacts  on  the 
agricultural  sector  were  frequently  mentioned.    All  Parties  but  one  included  discussion  of 
adaptation  measures  and  five  indicated  they  were  developing  or  implementing  such  measures. 

20.  All  communications  provided  information  on  research  and  systematic  observation 
activities.    Similarly,  all  communications  discussed  education  programmes  and  training 
related  to  climate  change  as  well  as  public  participation  in  responding  to  climate  change. 

21.  The  provisions  of  Article  4.6  were  mentioned  by  one  Party  but  without  making  a 
specific  request  at  this  time.   Seven  Parties  discussed  joint  implementation. 
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The  review  and  synthesis  process 

22.  The  experience  of  analysing  and  synthesizing  the  communications  confirmed  the 
usefulness  of  dialogue  with  reporting  Parties.    The  in-depth  reviews  will  be  important 
opportunities  to'oBtain  a  better  understanding  of  the  communications  and  of  the  actions  of 
Parties  to  implement  the  Convention.   They  should  also  result  in  an  improved  basis  for  the 
second  synthesis  document.   The  review  process  has  also  revealed  some  aspects  of  the 
guidelines  for  the  preparation  of  communications  that  would  benefit  from  further  work. 
Time  did  not  permit  a  systematic  review  of  the  guidelines  but  this  could  be  done  by  the 
secretariat  for  the  Subsidiary  Body  for  Scientific  and  Technological  Advice. 

n.   INTRODUCTION 
A.    Background 

23.  The  Framework  Convention  on  Climate  Change  requires  each  Party  included  in 
Annex  I  to  submit,  within  six  months  of  the  entry  into  force  of  the  Convention  for  it, 
information  as  specified  in  Articles  4.2(b)  and  12.    The  Intergovernmental  Negotiating 
Committee  agreed  on  g;uidelines  for  the  preparation  of  first  communications  by  Annex  I 
Parties  ("the  guideline?")  to  promote  consistency,  transparency  and  comparability  among 
communications'  (see  A/ AC. 237/55,  annex  I,  decision  9/2). 

24.  The  national  communications  began  to  come  due  on  21  September  1994.   The 
following  15  Parties  submitted  their  communications  to  the  interim  secretariat  in  time  to  be 
considered  in  the  preparation  of  this  document: 


Australia 

Denmark 

New  Zealand 

Switzerland 

Austria 

Germany 

Norway 

United  Kingdom  of  Great  Britain 

Canada 

Japan 

Spain 

and  Northern  Ireland 

Czech  Republic 

Netherlands 

Sweden 

United  States  of  America 

These  Parties  accounted  for  41  per  cent  of  global  emissions  of  CO2  from  fossil  fuel 
combustion  in  1990.* 

25.       An  additional  three  communications  have  been  received.   Those  of  Hungary  and 
Ireland  were  submitted  before  their  deadlines  but  not  in  time  to  be  considered  in  the 


See  footnote  1 . 
See  footnote  2. 
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prq)aration  of  the  present  document;  that  of  Monaco  was  a  partial  suiJmi»ion.    Three  Parties 
required  to  do  so,  the  European  Economic  Community,*  Iceland  and  Portugal  have  not 
submitted  communications  at  the  time  of  writing,  although  work  is  in  progress.    Details 
regarding  the  due  dates,  submission  and  receipt  of  the  national  communica;tions  can  be  found 
in  document  A/AC.237/INF.16/Rev.2. 

B.   The  review  and  synthesis  process 

26.  The  Committee  requested  the  interim  secretariat  to  prepare  a  compilation  and 
synthesis  of  the  national  communications  for  consideration  at  the  eleventh  session  and  for 
subsequent  subnussion  to  the  first  session  of  the  Conference  of  the  Parties  (COP  1)  (see 
A/AC. 237/76,  annex  I,  decision  lQ/1).   In  responding  to  this  request,  the  secretariat  was 
assisted  by  experts  it  selected  from  nominations  submitted  by  Governments  and 
intergovernmental  organizations.    All  these  persons  worked  with  the  secretariat  in  Geneva. 
In  addition,  a  number  of  experts  served  as  special  advisers  on  particular  subjects.   They 
worked  from  their  offices  but  travelled  to  Geneva  for  meetings. 

27.  The  Governments  of  China,  Cuba,  Italy,  the  Russian  Federation  and  the  United 
States  provided  experts  as  did  the  United  Nations  Development  Programme  (UNDP),  the 
United  Nations  Environment  Programme  (UNEP),  the  Organisation  for  Economic 
Co-operation  and  Development  (OECD)  and  the  International  Energy  Agency  (lEA).    Special 
advisers  were  from  Brazil,  Finland,  Japan,  Netherlands  and  Thailand.   A  number  of 
consultants  were  also  engaged,  with  a  view  to  strengthening  the  secretariat's  present  capacitiy 
and  obtaining  a  better  geographical  balance  in  the  sources  of  exp>ertise. 

28.  The  review  and  synthesis  process  was  marked  by  very  strict  deadlines  with  the  aim  of 
making  the  document  available  in  the  official  languages  of  the  United  Nations  for  the 
eleventh  session  of  the  Committee.   The  period  from  26  September  until  4  November  1994 
saw  an  initial  technical  analysis  of  the  individual  communications  and  the  development  of 
synthesized  information.    In  some  cases,  additional  data  were  requested  from  submitting 
Parties;  such  data  were  taken  into  account  to  the  extent  possible.     A  second  phase,  from 

4  November  to  2  December  1994,  saw  the  final  drafting  of  the  compilation  and  synthesis. 
Experts  from  Governments  and  organizations  were  involved  principally  in  the  first  phase. 

29.  This  compilation  and  synthesis  is  part  of  a  broader  communication  and  review 
process,  the  basis  of  which  is  the  national  communications  themselves.   These  are  the 
authoritative  sources  of  information  on  actions  by  Parties  to  implement  their  Commitments. 
Another  important  element  of  this  process  is  the  in-depth  review  of  each  communication. 
Preparation  for  these  reviews  has  been  initiated  and,  subject  to  a  decision  by  COP  1 ,  the 


Now  referred  lo  ia  Ihe  United  Nations  as  the  European  Community. 
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reviews  will  continue  throughout  1995,  leading  to  reports  on  individual  communications  and 
a  revised  compilation  and  synthesis  for  COP  2.   The  work  undertaken  in  prepanng  the 
present  document  has  resulted  in  the  development  of  a  number  of  daUbases  and  in  the 
generation  of  substantial  amounts  of  background  documentation  that  wiU  facilitate  the 
in-depth  reviews  and  could  form  the  basis  of  additional  inputs  to  the  COP  and  the  subsidiary 
bodies. 

C.    Approach  to  the  document 

30.  This  document  synthesizes  the  information  contained  in  the  15  communications;  it  is 
neitiier  a  summary  nor  a  country-by-country  analysis.    It  is  designed  to  provide  an  overview 
of  the  implementation  of  the  Convention  across  reporting  Parties,  noting  trends  and  patterns, 
areas  of  convergence  or  divergence,  data  gaps  and  otiier  appropriate  conclusions,  including 
the  overall  effects  of  policies  and  measures.     As  a  technical  analysis,  it  can  provide  Uie  basis 
for  policy  conclusions  by  Uie  Committee  and  tiie  COP.   Parties  are  mentioned  by  name  in  tiie 
tables  but  not  in  the  narrative  text.   This  was  felt  to  be  in  the  spirit  of  a  "facilitative  and  non- 
confrontational"  review  process.    At  times,  however,  tiie  lack  of  names  in  tiie  text  makes 
reading  cumbersome.  The  Committee  may  wish  to  give  guidance  on  this  point  for  the  future. 

31.  The  structure  of  tiiis  document  generally  follows  tiie  indicative  outiine  approved  by 
tiie  Committee  at  its  tentii  session  (see  A/AC. 237/76,  annex  I,  decision  10/1)  although  some 
adjustments  have  been  necessary  to  take  account  of  the  content  of  the  communications. 
There  are  five  sections  dealing  with  inventories,  policies  and  measures,  projections,  finance 
and  technology  transfer  and  otiier  issues.    Each  section  syntiiesizes  the  relevant  information 
and  identifies  some  general  conclusions.   The  final  section  offers  some  observations  on 
possible  follow-up  work  on  tiie  guidelines  as  a  result  of  tiie  experience  gained  to  date. 

32.  In  view  of  tiie  different  starting  points  and  variety  of  approaches  used  by  the  Parties, 
the  secretariat  has  attempted  to  make  the  information  as  comparable  as  possible.    In  order  to 
do  this,  it  has  been  necessary  to  make  some  judgements  on  how  information  from  Parties 
should  be  presented.    In  such  cases,  what  has  been  done  is  explained  in  the  text  or  in 
footnotes.   The  secretariat  has  also  used  a  number  of  different  presentational  tools.  The 
compilation  and  synthesis  should  be  seen  as  a  "work  in  progress"  which  will  be  improved 
with  experience  and  which  would  benefit  from  guidance  from  the  Committee. 

33.  The  interim  secretariat  takes  full  responsibility  for  the  content  of  this  document.    It 
would,  however,  like  to  acknowledge  with  gratitude  the  outstanding  effort  and  dedication  of 
the  experts  who  assisted  in  its  preparation.    It  would  also  like  to  thank  the  Governments  and 
organizations  that  agreed  to  lend  experts  to  participate  in  this  exercise. 
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in.   CONTEXT 

34.  The  national  communications  total  over  1,800  pages,  not  including  supporting 
documentation.    They  generally  included  an  introductory  section  which  stress«l  the  role  that 
unique  national  circumstances  play  in  determining  the  characteristics  of  emission  profiles  and 
the  appropriateness  of  different  response  strategies.    The  communications  focused  on 
inventories  (taking  on  average  15  per  cent  of  Uie  total  length,  plus  annexes),  policies  and 
measures  (about  35  per  cent),  projections  (about  10  per  cent)  and  discussions  of  finance, 
technology  transfer  and  international  cooperation  (about  5  per  cent).   Short  chapters  were 
often  included  on  the  impacts  of  climate  change,  vulnerability  and  adaptation,  research  and 
systematic  observation  and  education,  training  and  public  awareness. 

35.  Parties  were  requested  to  address  the  anthropogenic  emissions  and  removals  of  all 
greenhouse  gases  not  controlled  by  the  Montreal  Protocol.    The  overall  coverage  of  the 
different  gases  ranged  from  a  focus  on  COj  to  a  full  treatment  of  all  gases.    CO2  was 
addressed  by  all  Parties  in  discussions  of  inventories,  policies  and  measures  and  projections. 
Fourteen  Parties  provided  full  consideration  of  CH4  and  10  Parties  provided  full 
consideration  of  NjO.    Although  covered  well  in  the  inventories  chapter,  the  ozone 
precursors  were  not  systematically  addressed  in  Uie  other  chapters.    Scattered  information 
was  provided  for  some  of  the  other  gases  (HFCs,  PFCs,  SFj).    In  general,  Uie  inventories 
chapters  were  the  most  comprehensive  in  their  coverage  of  gases. 

36.  Removals  by  sinks  was  discussed  only  with  regard  to  CO2.  All  countries  but  one 
reported  removals  by  sinks  in  their  inventory  and  10  countries  included  removals  in  their 
projections.  All  countries  reported  in  varying  detail  on  planned  and  ongoing  policies  and 
measures  to  address  removals  by  sinks. 

37.  Consistent  with  their  commitments  under  Article  4.1(b),  11  Parties  specifically 
indicated  that  national  climate  change  programmes  and/or  strategies  had  been  developed. 
Others  indicated  that  policies  specific  to  climate  change  were  in  place.    In  addition,  eight 
Parties  described  national  committees  to  coordinate  implementation  of  national  commitments. 

38.  National  targets,  some  of  which  corresponded  to  the  aim  specified  in  Article  4.2(a) 
and  (b),  were  reported  to  have  a  central  role  in  the  development  and  evolution  of  national 
climate  change  policy.   Thirteen  Parties  specifically  mentioned  self-imposed  quantitative 
national  targets  in  their  communications,  some  of  them  had  multiple  targets.   These  targets 
differed  considerably  among  Parties.    For  example,  the  gases  included  varied,  the  base  and 
commitment  yeats  differed  and  they  were  expressed  in  gross,  net,  or  per  capita  terms. 
Moreover,  many  countries  specified  qualifications  or  conditions  (for  example,  regarding 
factors  such  as  neutrality  to  international  trade  competitiveness,  other  Parties  taking  similar 
action,  developments  in  international  energy  markets  and  progress  in  negotiations).    Of  the 
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Parties  mentioning  national  targets,  five  could  be  characterized  as  having  "stabilization" 
targets  (one  on  a  per  capita  basis),  four  as  having  "reduction  targets"  and  four  as  having 
some  combination  of  stabilization  and  reduction. 

39.       Six  Parties  mentioned  specifically  that,  based  on  policies  and  measures  already 
undertaken  or  likely  to  be  adopted,  they  expected  to  attain  their  national  targets.    Four 
Parties  acknowledged  that  additional  measures  would  have  to  be  taken  if  their  national  targets 
were  to  be  reached.    The  other  communications  were  not  explicit  on  this  point.    Most 
countries  described  processes  in  which  inter-ministerial  committees  would  assess  results 
achieved  with  a  view  to  adjusting  and  further  developing  policies. 


rv.    INVENTORIES  OF  ANTHROPOGENIC  EMISSIONS  AND 
REMOVALS  IN  1990 

40.  Pursuant  to  Articles  4.1(a)  and  12.1(a),  all  reporting  Parties  communicated  a  1990 
national  inventory  of  anthropogenic  emissions  by  sources  of  greenhouse  gases  not  controlled 
by  the  Montreal  Protocol.    As  requested  by  the  guidelines,  all  Parties,  using  consistent 
formats,  presented  emission  estimates  on  a  gas-by-gas  basis  and  addressed  the  three  main 
greenhouse  gases,  CO2,  CH4  and  NjO.    All  Parties  also  addressed  the  ozone  precursors  (CO, 
NO,  and  NMVOCs)  although  one  Party  did  not  estimate  CO  and  NMVOCs.    Nine  Parties 
provided  estimates  for  PFCs,  three  for  HFCs  and  three  for  SF4.    All  but  one  Party  provided 
land  use  change  and  forestry  CO2  estimates  which  encompass  removals. 

41.  The  guidelines  requested  Parties  to  use  the  IPCC  Draft  Guidelines  for  National 
Greenhouse  Gas  Inventories  ("the  IPCC  Guidelines")  in  estimating,  reporting  and  verifying 
inventory  data.    All  Parties  provided  a  report  of  their  inventory  data  using  the  summary  table 
recommended  by  the  IPCC. 

A.   Presentation  of  results 

42.  Tables  A.1-A.8  summarizing  inventory  data  for  CO2,  CH^,  N^O,  international 
bunkers,  other  greenhouse  gases  and  ozone  precursors  appear  in  the  annex  to  this  document. 
Each  table  is  accompanied  by  explanatory  footnotes  and  by  a  brief  analytical  overview.    As  a 
result  of  the  different  ways  of  reporting  used  by  Parties,  it  has  been  necessary  to  present  CO2 
emission  and  removal  data  from  land  use  change  and  forestry  separately.    This  permits  the 
data  to  be  presented  in  a  consistent  and  coherent  manner.    Percentage  distributions  of  CO2, 
CH4  and  N2O  emissions  by  source/sink  categories  are  also  provided  in  the  form  of  pie  charts. 
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43.  Figure  A. 4  shows  the  relative  contributions  of  the  different  greenhouse  gases  for  each 
Party,  and  the  aggregate  for  all  Parties,  based  on  calculations  using  GWP  values  recently 
approved  by  the  IPCC  (IPCC-1994).   Such  a  presentation  can  be  regarded  as  a  technical 
contribution  to  the  analysis  of  inventory  results  and  not  as  prejudging  a  decision  by  the  COP 
on  the  use  of  GWPs. 

B.   Methodological  issues  relating  to  the  reporting  of  inventories 

1.   Transparency 

44.  In  order  to  ensure  transparency,  Parties  were  requested  to  provide  enough  information 
to  allow  the  reconstruction  of  their  inventories  from  national  activity  data,  emission  factors 
and  other  assumptions,  as  well  as  to  assess  the  results.    However,  the  IPCC  minimum 
documentation  standards  to  ensure  transparency  in  reporting  inventory  data  were  not  always 
followed.   Ten  Parties  provided  the  IPCC  standard  data  tables,  which  allowed  the 
comparison  of  aggregate  emission  factors  and  activity  data.   For  some  source/sink  categories 
this  proved  sufficient  to  ensure  transparency.    However,  for  other  categories  the  necessary 
explanations  of  methods  and  data  used  at  the  level  of  detail  at  which  the  estimates  are 
calculated  (including  a  description  of  any  intermediary  calculation  involved)  were  sometimes 
missing.    In  general,  the  more  complex  methods  were  less  likely  to  be  fiilly  documented  or 
independently  verifiable.    Insufficient  documentation  also  made  it  difficult  to  understand  if 
miscalculation,  double-counting,  omission  or  deviation  from  the  IPCC  Guidelines  had 
occurred. 

45.  A  preliminary  analysis  of  inventory  data  indicates  that  nine  Parties  have  provided 
enough  information  to  allow  for  the  reconstruction  and  the  assessment  of  their  inventory  data 
related  to  energy.    Because  it  was  not  possible  to  fully  assess  all  the  supporting 
documentation  provided  by  Parties  in  the  time  available,  the  transparency  of  data  for  all 
source/sink  categories  will  be  further  examined  as  part  of  the  in-depth  reviews. 

2.    Methodological  issues  and  approaches 

46.  In  general,  valuable  information  on  methods  and  data  was  provided.   This  section 
focuses  only  on  methodological  issues  of  relevance  to  the  Committee  and  the  COP.   The 
wealth  of  material  generated  during  the  technical  analysis  of  inventories  could  be  compiled 
for  further  consideration  by  the  Subsidiary  Body  for  Scientific  and  Technological  Advice. 

47.  Most  Parties  referred  to  the  IPCC  Guidelines  when  presenting  their  inventory  results 
to  point  out  that  their  estimation  methods  were  consistent  with,  based  on,  or  generally 
followed,  the  IPCC  Guidelines.   Parties  also  stated  that  when  appropriate  to  national  needs 
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and  capabilities,  detailed  country-specific  methods  and  data  were  used.   Two  Parties  used  the 
CORINAIR*  methodology.  One  Party  only  did  not  document  which  methods  were  used. 

Energy 

48.  Data  for  CO2  emissions  from  fuel  combustion  were  consistent  with  other  authoritative 
sources  of  country-specific  estimates.   This  confirms  the  quality  and  degree  of  confidence 
that  can  be  associatwl  with  the  CO2  inventory  data,  despite  the  problems  identified  during  the 
technical  analysis.    Most  estimates  were  within  5  per  cent  of  estimates  available  from  lEA.' 

49.  Parties  used  two  basic  approaches  to  calculate  emissions  from  energy  consumption:  a 
top-down  approach,  as  describoi  in  the  IPCC  Guidelines,  and  a  bottom-up  sectoral  approach. 
The  former  was  used  by  eight  Parties,  the  latter  by  six;  for  one  Party  it  was  unclear  which 
method  had  been  used.     For  those  that  used  the  top-down  approach  and  provided  only  the 
IPCC  standard  data  tables,  CO2  emission  estimates  were  not  appropriately  documented. 
Elements  needed  to  ensure  transparency  include  detailed  information  on  approaches  and 
methods  used,  sources  of  data,  treatment  of  feedstocks,  percentage  of  carbon  oxidized, 
heating  values  and  other  assumptions.    One  Party  reported  CO^  estimates  calculated  using  the 
BPCC  recommendations  and  its  own  method  (the  difference  was  less  than  one  per  cent). 

50.  The  treatment  of  feedstocks  was  not  always  documented  which  made  it  difficult  to 
assess  whether  double-counting  between  the  energy,  industrial  processes  and  waste  categories 
had  occurred.    At  least  one  Party  departed  from  the  IPCC  Guidelines  by  including  CO2 
emissions  from  biomass  fuel  combustion  in  its  energy  total.   This  Party  explained  that  it  had 
done  so  because  the  biomass  material  it  used  was  mainly  imported. 

Land  use  change  and  forestry 

51.  The  methods  used  to  estimate  emissions  and  removals  from  "managed  forests" 
(described  by  the  IPCC  as  the  main  category  where  removals  would  occur)  built  on  the  IPCC 
default  methods.   There  were  two  general  approaches  that  should  yield  similar  results: 

Six  Parties  measured  actual  biomass  increment  and  harvest,  thereby  estimating 
emissions  and  removals  separately  (essentially  the  IPCC  default  method) 


CORINAIR  U  the  component  dealing  with  air  emissions  inventones  of  the  European  Economic  Community  Programme  CORINE 
(Coordination  d* Information  Environnementale). 

^   OECD/IEA.  Oimau  Oiangt  Policy  Inidalivet,  1994  Update,  vol.  1:  OECD  countries,  OECD,  Paris,  1994,  p.  25. 
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..<;         .  Two  Parties  calculated  the  difference  in  total  stock  between  two  different 

points  in  time,  thereby  making  it  technically  unfeasible  to  estimate  emissions 
sq>arately  from  removals 

The  other  Parties  either  used  quantitative  models  or  did  not  document  their  methods. 

52.  An  initial  assessment  indicates  that  only  five  Parties  provided  the  information  needed 
to  reconstruct  their  estimates  from  this  cat^ory.  There  was  some  confusion  on  the  meaning 
of  listing  emissions  sq)arately  from  removals.    This  needs  clarification. 

Waste 

53.  At  least  three  Parties  deviated  from  the  IPCC  Guidelines  by  including  CO2  from 
organic  waste  combustion  or  aerobic  decomposition  of  organic  carbon  in  their  totals. 

Other  gases 

54.  The  information  provided  on  PFCs  and  HFCs  was  not  always  given  per  type  of  gas; 
this  would  be  useful  in  the  light  of  their  different  GWPs. 

3.    Level  of  uncertainty 

55.  Parties  were  requested  to  discuss  the  level  of  uncertainty  associated  with  quantitative 
inventory  data,  at  least  qualitatively.    Eleven  did  so  by  providing  information  on  uncertainty 
either  on  a  gas-by-gas  basis  or  at  the  source/ sink  category  level,  with  four  Parties  doing  so 
quantitatively.   The  information  provided  on  the  level  of  confidence  by  gas  may  be 
summarized  as  follows: 

CO^:  high,  excq)t  for  land  use  change  Gow)  and  forestry  (medium) 

CH«:  medium 

N2O:  low  to  medium  r 

NO,:  high  to  medium 

CO  and  NMVOC:  medium  to  low 

Six  Parties  also  provided  a  self-assessment  of  the  completeness  and  quality  of  their 
inventories  using  the  IPCC  recommended  format. 
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4.    Inconsistencies/comparability  problems 

56.  When  comparing  and  aggregating  results  across  Parties,  the  following  should  be  taken 
into  account.   Some  Parties  departed  from  the  guidelines,  used  different  assumptions,  defmed 
source/sink  categories  differently,  omitted  gases  and/or  categories  included  by  other  Parties 
or  included >'Off shore  territories.    Three  Parties  reported  their  inventory  for  a  fiscal  year 
rather  than  the  1990  calendar  year,  with  one  doing  so  only  for  the  energy  category.   More 
work  is  needed  to  assess  these  elements  and  determine  how  the  comparability  of  future 
inventories  can  be  enhanced. 

57.  In  addition  to  providing  actual  emission  estimates,  one  Party  also  adjusted  its  COj 
emission  estimate  upward  to  take  account  of  warmer  climatic  conditions  and  presented  this 
adjusted  figure  as  the  working  figure.    Five  Parties  noted  that  1990  had  not  been  a  normal 
climatic  year  but  did  not  adjust  their  data,  although  one  presented  an  adjusted  emission 
estimate  for  information  purposes.    Another  Party  adjusted  its  emission  estimates  upward  to 
take  account  of  electricity  imports.   The  use  of  such  adjustments  raises  questions  of 
consistency  that  require  guidance.   In  the  relevant  tables  in  this  report,  the  secretariat  has 
dealt  with  such  cases  by  presenting  the  unadjusted  inventory  figures  and  addressing  the 
adjustments  in  a  footnote. 

5.    Additional  information  provided  by  Parties 

58.  The  guidelines  mention  the  possibility  of  presenting  inventory  information  for  years 
subsequent  to  1990.   Six  Parties  provided  such  information  for  CO^  emissions,  five  for  CH4 
and  four  for  NjO.   Most  provided  data  for  1991  and  1992,  and  two  Parties  also  provided 
some  data  for  1993.   No  clear  trend  in  emissions  is  evident.   In  most  cases,  emissions  in 
1992  and  1993  were  not  significantly  different  from  emissions  in  1990. 

59.  With  regard  to  the  other  optional  provisions  of  the  guidelines: 

(a)  Eleven  Parties  presented .  information  based  on  the  use  of  GWPs  for  a 
time-horizon  of  100  years,  mainly  for  CH,  and  N^O  with  values  given  by  the  IPCC  in  1992. 
IPCC-1990,  IPCC-1994  and  national  GWP  values  were  also  used; 

(b)  Six  Parties  provided  information  on  historical  trends,  mainly  for  COj; 

(c)  iThree  Parties  provided  information  on  a  per  capita  basis,  one  of  which 
included  estimates  on  a  per  GDP  basis;  and 

(d)  One  Party  provided  estimates  for  SO2  and  CFCs  and  related  compounds. 
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C.   Summary  conclusions 

60.  CO}  was  confirmed  as  being  the  most  important  anthropogenic  greenhouse  gas  for 
the  rqmrting  Parties.    Fuel  combustion  was  the  largest  source  of  COj  emissions,  with  most 
of  these  emissions  coming  from  energy  and  transformation  industries  and  transport.    No 
removals  for  gases  other  than  COj  were  rqwrted,  "managed  forests"  being  the  largest  carbon 
removal  and  reservoir.    The  largest  source  of  CH4  emissions  was  livestock  with  waste  a 
close  second.   The  largest  source  of  N^O  emissions  was  agriculture  (fertilizer  use),  followed 
by  industrial  processes. 

61.  The  degree  of  confidence  associated  with  CO2  data,  in  particular  for  fuel  combustion, 
is  high  and  the  estimates  are  consistent  with  other  authoritative  sources  of  information. 
Where  the  initial  technical  analysis  of  inventories,  based  on  national  communications  and 
supporting  material,  identified  information  gaps,  these  involved  most  often  background  data 
that  were  not  provided  or  methods  that  were  not  fully  documented.   Potential  inconsistencies 
and  difficulties  in  aggregating  and  comparing  inventory  data  have  arisen  from  the  different 
definitions  for  source/sink  categories  and  assumptions  used,  the  reporting  of  removals  by 
sinks,  the  inclusion  of  biogenic  sources  of  CO2  emissions,  the  omission  of  categories  and 
gases,  the  inclusion  of  data  from  offshore  territories,  the  reporting  for  fiscal  years  and  the 
use  of  "adjustments".    In  general,  national  communications  contained  enough  information  to 
identify  such  problems.    Guidance  is  needed  on  how  to  address  these. 

62.  The  review  and  synthesis  of  inventory  results  was  facilitated  by  the  existence  of 
guidelines,  which  Parties  made  considerable  efforts  to  follow  in  communicating  inventory 
data.    Despite  the  problems  identified  above,  inventories  were  the  most  comparable  and 
consistent  sections  throughout  communications.    Progress  has  been  made  in  understanding 
problems  relating  to  inventory  reporting  and  in  identifying  areas  for  further  work.    Many  of 
the  issues  identified  could  be  resolved  by  bringing  more  cljirity  and  precision  to  the 
guidelines  (see  section  IX  below). 


V.   POLICIES  AND  MEASURES  TO  LIMIT  ANTHROPOGENIC 
EMISSIONS  AND  PROTECT  AND  ENHANCE  SINKS 
AND  RESERVOIRS  OF  GREENHOUSE  GASES 

63.         All  Parties,  in  accordance  with  Article  12.2,  described  policies  and  measures  adopted 
to  implement  i^rticle  4.2(a)  and  (b).   The  level  of  detail  varied  considerably  among  Parties 
and,  within  a  single  communication,  between  different  policies  and  measures. 
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64.  The  guidelines  request  that,  to  facilitate  transparency,  enough  detail  should  be 
provided  about  each  policy  and  measure,  including  its  objective  in  terms  of  the  gas  and 
sector  targeted;  the  type  of  policy  instrument  used;  its  status  of  implementation;  how  it  is 
expected  to  function  and  interact  with  other  measures;  and  indicators  of  progress. 

65.  Pursuant  to  decision  10/1,  Parties  were  invited  to  identify  measures  that  appear  to 
them  particularly  innovative  and  potentially  replicable.    Two  submissions  were  received. 
They  are  reproduced  in  document  A/AC.237/MISC.42,  but  are  not  considered  in  the  present 
document. 

A.   Approach  to  the  review  of  policies  and  measures 

66.  After  a  review  of  all  15  communications,  more  than  700  policies  and  measures  were 
identified  and  categorized  in  a  database  according  to  country,  sector,  gas  and  type  of  policy 
instrument  (economic  instruments,  regulations  and  guidelines,  voluntary  agreements  and 
actions  or  information,  education  and  training).    Information  provided  on  research  and 
development  (R&D)  activities  is  consolidated  separately  (see  section  C  below).   The  sectoi^ 
categorization  used  is  parallel  to  the  IPCC  inventory  source/sink  categories. 

67.  Overall,  any  policy  or  measure  identified  in  a  communication  was  included  in  the 
database.    As  information  on  the  status  of  implementation,  emissions  reduction  potential,  and 
cost  were  either  not  provided  or  not  clear  these  factors  could  not  be  analysed.   The 
secretariat  did  not  seek  supplementary  information  on  measures  reported,  which  could  mean 
that  some  of  them  may  not  have  been  recorded  in  the  relevant  categories  of  the  database. 
Additionally,  whenever  a  Party  mentioned  that  a  particular  programme  was  directed  at  more 
than  one  gas  or  sector,  it  was  recorded  as  a  distinct  measure  in  each  instance  in  the  database. 

68.  Taking  these  points  into  account,  and  the  fact  that  policies  and  measures  were 
described  in  different  ways  and  to  varying  degrees  of  detail,  it  must  be  acknowledged  that 
the  data  may  include  some  overlaps.    More  importantly,  references  to  the  number  of 
measures  must  be  considered  as  illustrative  in  terms  of  a  broad  distribution  of  policies  and 
measures  by  sector,  by  gas  and  by  type  of  policy  instrument.    They  do  not  reflect  the 
relative  importance  of  the  policies  and  measures  in  terms  of  their  mitigation  potential. 

69.  Taking  into  account  these  limitations,  the  secretariat  used  the  database  as  an  analytical 
tool  for  organizing  heterogeneous  information  and  identifying  general  policy  trends  and 
orders  of  magnitude.    Efforts  will  be  made  during  the  in-depth  review  process  to  verify  and 
enhance  data  on  policies  and  measures  in  order  to  identify  the  major  policy  trends  being 
adopted  by  Parties  as  well  as  the  policy  tools  and  approaches  being  used. 


458 


A/AG/23j7/81, 
English'?  ij  ' 
Page  20 


B.   Analysis  of  trends  in  policies  and  measures  by  sector 

70.  In  this  section,  policies  and  measures  reported  in  each  sector  are  analysed.   For  each 
sector,  information  is  provided  on:  iv 

The  share  of  total  emissions  from  the  sector  based  on  the  inventory  data 

The  proportion  of  total  measures  reported  that  address  emissions  in  the  sector 

The  main  gases  addressed  in  the  sector 

The  main  aims  of  the  policies  and  measures,  the  main  policies  and  measures 

identified  and  the  types  of  policy  instruments  used 

An  assessment,  where  possible,  of  the  relative  contribution  of  measures  in 

individual  sectors  vis-^-vis  the  overall  emissions  reduction  efforts  of  Parties 

71.  The  sectoral  analysis  which  follows  synthesizes  information  reported  by  15  Parties. 
The  sectors  correspond  to  the  IPCC  source/sink  categories  used  in  the  inventories.    The 
distribution  of  overall  policies  and  measures  by  sector  is  illustrated  below: 


Figure  1.   Distribution  of  policies  and  measures  by  sector 
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72.  Fossil  fuel  combustion  is  the  largest  source  of  COj  emissions  accounting  for  97  per 
cent  of  the  total.   The  bulk  of  policies  and  measures  reported  address  this  source  of 
emissions  and  are  reflected  in  the  sections  dealing  with  energy  and  transformation  industries, 
industrial  energy  end-use  and  the  residential,  commercial,  institutional  and  transport  sectors. 
Policies  and  measures  to  address  emissions  of  other  gases  are,  for  the  most  part,  addressed  in 
the  sections  on  industrial  processes,  agriculture  and  waste  and  sewage  sectors. 

1.    Energy  and  transformation  industries 

73.  The  energy  and  transformation  industries  sector  includes  activities  related  to  the 
conversion  of  primary  energy  to  secondary  forms  and  further  transformation  such  as 
electricity  generation,  crude  oil  to  petroleum  products  and  district  heating.   This  sector 
accounted  for  the  largest  share  of  CO2  emissions  from  fiiel  combustion  in  1990  (about  38  per 
cent),  as  well  as  small  amounts  of  N2  O  and  CH4  emissions.    Fossil-fuelled  electricity 
generation  accounted  for  one  third  to  one  half  of  energy-related  COj  emissions  in  many 
reporting  countries.    A  few,  however,  reported  almost  no  emissions  from  electricity 
generation  due  to  a  high  proportion  of  hydroelectric  and  nuclear  electricity  generation. 
Thirteen  of  the  communications  identified  about  75  policies  and  measures  in  the  sector,  of 
which  roughly  80  per  cent  specifically  targeted  CO2  emissions.    The  communications  noted 
that  many  measures  targeting  CO2  are  also  likely  to  reduce  emissions  of  NjO  and  precursors. 

74.  Many  of  the  policies  and  measures  targeted  energy  efficiency  improvements  in 
generation  plants  through  retrofitting  existing  plants  and  promoting  cogeneration.    Ten 
Parties  are  pursuing  efficiency  improvements  in  electricity  generation  through  improved 
operation  and  maintenance  programmes  and  the  introduction  of  advanced  combustion 
technologies  such  as  combined  cycle  gas  plants  and  cleaner-coal  technologies.    Many  of  these 
policies  and  measures  were  identified  as  cost-effective  and  axe  expected  to  generate  both 
economic  and  environmental  benefits.    In  implementing  these  measures,  Parties  reported  the 
use  of  a  mix  of  incentives,  such  as  subsidized  credit,  guaranteed  rates  and  tax  incentives  as 
well  as  regulatory  measures. 

75.  Measures  to  improve  the  efficiency  of  electricity  supply  focused  on  integrated 
resource  planning,  including  optimization  of  resource  use  and  consideration  of  all  relevant 
options  and  uncertainties  in  the  development  of  utility  resource  plans.    In  addition,  a  few 
countries  reported  endeavours  to  make  energy  supply  industries  more  efficient  by  increasing 
the  number  of  producers  and  the  number  of  supply  options  through  structural  reforms  in  gas 
and  electricity 'markets. 

76.  Twelve  Parties  identified  about  25  measures  aimed  at  promoting  the  use  of  renewable 
sources  of  energy^  nuclear  energy  and  less  carbon  intensive  fuels.    Switching  to  lower  carbon 
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fuels  was  reported  by  many  Parties  to  decrease  emissions.    Some  communications  explained 
these  initiatives  by  the  fact  that  their  electricity  generation  mix  is  primarily  based  on  fossil 
fuels,  in  particular,  coal.   Parties  rqwrted  renewable  energy  measures  focusing  on  solar, 
wind,  hydro  and  biomass.    Parties  often  indicated  that  renewables  could  play  an  important 
role  in  the  next  century,  even  though  their  contribution  to  the  reduction  of  COj  emissions  in 
the  near  future  is  limited  owing  to  their  modest  contribution  to  current  energy  supply  and 
because  of  costs.    Most  of  these  measures  have  been  implemented  with  the  use  of  economic 
incentives,  such  as  low-interest  loans,  tax  incentives  and  subsidies.    A  few  countries  reported 
measures  to  improve  safety  in  the  use  and  further  development  of  nuclear  power  generation. 

77.  Some  Parties  noted  policies  and  measures  which  promote  the  introduction  of  more 
efficient  transmission  and  distribution  equipment.    Improvements  in  energy  transmission 
include  grid  optimization,  promotion  of  district  heating  and  superconducting  technology.   At 
the  distribution  level,  policies  focused  mostiy  on  improving  equipment  standards, 
encouraging  the  use  of  high  efficiency  transformers  and  promoting  better  operation  and 
maintenance  of  boilers  and  gas  distribution  networks. 

78.  A  few  countries  identified  policies  related  to  energy  management  techniques  being 
implemented  by  utilities  which  aim  to  reduce  and  manage  load  more  efficiently  and  reduce 
peak  power  demand.    These  measures  are  part  of  demand  side  management  activities  which 
also  include  end-use  efficiency  improvements.    Policies  and  measures  to  enhance  end-use 
efficiency  are  discussed  in  more  detail  in  the  residential,  transport  and  industry  sections. 

79.  Six  countries  mentioned  policies  to  reduce  fugitive  fuel  emissions  associated  with 
fossil  fuel  production  such  as  coal  mining  and  natural  gas.    Such  policies  took  the  form  of 
low-emission  guidelines  and  information  programmes  to  encourage  voluntary  action. 

2.    Industry 

80.  Industry  as  an  end-user  of  energy  accounted  for  21  per  cent  of  total  CO2  emissions 
associated  with  fuel  combustion,  9  per  cent  of  total  CH,  emissions  and  3  per  cent  of  NjO 
emissions.    Approximately  100  policies  and  measures  were  reported  by  the  15  Parties,  most 
being  directed  at  CO2  emissions. 

81.  The  policies  and  measures  were  focused  primarily  on  improving  the  efficiency  of 
energy  consuming  equipment  and  energy  efficiency  of  industrial  processes.    A  large  number 
of  the  measures  aimed  at  encouraging  the  development  of  combined  heat  and  power 
installations,  promoting  cogeneration  systems  and  enhancing  energy  auditing.   The 
demonstration  of  new  technologies  was  also  important  in  this  sector. 
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82.  The  use  of  economic  instruments  (such  as  subsidized  credit,  tax  incentives  for 
purchasing  energy  efficient  equipment  and  pricing  and  tariff  reforms)  and  the  adoption  of 
efficiency  standards  and  guidelines  were  the  most  frequently  mentioned  policy  tools  used  to ' 
promote  energy  efficiency  in  the  industrial  sector.    Several  countries  are  seeking,  or  have 
concluded,  agreements  with  industry  to  promote  voluntary  targets  for  energy  efficiency  and  - 
to  engage  industries  in  energy  efficiency  strategies. 

3.   Residential,  commercial  and  institutional 

83.  The  residential,  commercial  and  institutional  sector  accounted  in  1990  for  about  13 
per  cent  of  total  COj  emissions.    These  emissions  were  mainly  the  result  of  energy  used  for 
space  heating  and  cooling  as  well  as  lighting,  appliances  and  mechanical  systems.    All  15 
Parties  had  policies  and  measures  in  this  sector  accounting  for  roughly  one  quarter  of  all 
policies  and  measures  (over  170  measures).    Almost  all  of  the  measures  specifically 
addressed  CO2 ,  although  any  increase  in  energy  efficiency  would  also  be  likely  to  reduce 
emissions  of  other  gases.   The  focus  was  on  energy  efficiency  improvements  of  new  and  old 
buildings,  fuel  switching,  equipment  efficiency  improvements  and  behavioural  change.   Most 
of  these  policies  are  being  implemented  through  a  mix  of  measures  involving  economic 
incentives,  regulations  and  guidelines  and  information/training  activities. 

84.  Nine  Parties  specifically  mentioned  modifying  building  codes  or  standards  to  improve 
energy  efficiency  in  new  construction.    Energy  audits,  customer  awareness  programmes  and 
energy  ratings  of  new  structures  were  mentioned  as  means  to  increase  consumer  and  builder 
awareness  of  life  cycle  energy  costs.    A  similar  mix  of  policies  and  measures  was  directed  at 
existing  buildings  with  the  principal  emphasis  on  increasing  efficiency  standards  in  building 
energy  use.    Integrated  community  planning,  programmes  for  government  buildings,  and 
conservation  measures  such  as  the  installation  of  individual  meters  for  residential  and 
commercial  units  were  mentioned  in  many  communications.    Although  fewer  countries 
addressed  existing  buildings  as  compared  to  new  ones,  a  number  of  countries  described 
subsidy  programmes  to  improve  existing  structures  through  renovations,  retrofits  and 
mortgage  schemes. 

85.  Nearly  all  the  communications  addressed  efficiency  improvements  in  mechanical 
systems  or  appliances  used  in  residential,  commercial  and  institutional  applications.    Eight 
communications .  specifically  mentioned  establishing  or  improving  energy  standards  and  codes 
for  mechanical  equipment  and  appliances.   Seven  communications  identified  financial 
incentives  (tax  rebates,  low  interest  loans  or  higher  loan  ceilings)  for  investment  in  renewable 
energy  systems  in  residential,  commercial  and  institutional  applications.    Buy-backs  of 
inefficient  equipment  and  financial  incentives  to  encourage  purchases  of  energy  efficient 
equipment  were  also  mentioned. 
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86.  Policies  and  measures  to  change  consumer  behaviour  were  specifically  mentioned  in 
most  communications,  including  labelling  of  appliances,  increasing  consumer  energy 
efficiency  awareness,  introducing  individual  billing  and  offering  technical  information  and 
advice  to  consumers.    Other  policies  and  measures  were  aimed  at  changing  office  hours  to 
reduce  heating  and  cooling  loads.    A  few  Parties  noted  the  use  of  broad-based  energy  taxes. 

87.  In  five  of  the  seven  communications  that  reported  specific  estimates  of  emission 
reductions  from  individual  sectors,  the  residential,  commercial  and  institutional  sectors 
combined  accounted  for  the  largest  emission  reductions  relative  to  other  sectors  and  40  per 
cent  or  more  of  the  total  emissions  reductions  in  each  of  these  five  countries. 

4.   Transportation 

88.  Transport  accounted  for  26  per  cent  of  total  COj  emissions  from  fuel  combustion  in 
1990  and  15  per  cent  of  NjO.   Several  Parties  identified  the  transportation  sector  as  the 
fastest  growing  source  of  emissions.    All  15  communications  included  transport-related 
policies  and  measures,  which  accounted  for  roughly  one  fifth  of  the  total.   The  majority  of 
transportation  measures  targeted  COj  emissions,  though  many  will  also  affect  emissions  of 
N2O  and  ozone  precursors.    Transportation  measures  rely  heavily  on  regulations,  particularly 
for  vehicle  emission  control,  and  on  economic  instruments  such  as  fuel  taxes.    However,  a 
trend  towards  the  use  of  voluntary  agreements  in  the  policy  mix,  particularly  for  recent 
measures,  was  noted  in  some  communications.   The  reported  transportation  policies  and 
measures  followed  four  primary  aims:  to  improve  efficiency  of  individual  vehicles,  to  reduce 
ozone  precursor  emissions  from  all  vehicles,  to  strengthen  public  transportation  and  to 
maximize  efficiency  in  freight  transport  systems. 

89.  Improving  fuel  efficiency  to  reduce  vehicle  emissions  was  listed  as  a  primary 
objective  of  most  reporting  countries.    Five  Parties  are  working  with  vehicle  manufacturers 
to  set  or  improve  standards  for  fuel  efficiency,  while  two  other  Parties  have  established  fuel 
economy  labels.   Two  countries  mentioned  agreements  with  manufacturers  on  fuel  efficiency 
targets  for  2000.   Many  Parties  reported  measures  to  encourage  fuel  efficient  driving 
practices  and  stricter  speed  limit  enforcement.    Several  communications  mentioned  taxes  at 
point  of  purchase  or  tax  incentives  linked  to  vehicle  fuel  efficiency. 

90.  The  largest  number  of  measures  were  directed  towards  vehicle  emission  control. 
About  half  of  the  Parties  described  policies  and  measures  designed  to  curb  emissions  of 
ozone  precursors,  generally  through  regulations  or  standards  or  vehicle  inspections. 

91.  Most  countries  described  policies  and  measures  to  encourage  ?  shift  from  individual 
cars  and  trucks  to  buses,  subways,  rail  and  waterway  transport.  These  policies  seek  to 
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strengthen  public  transportation  systems  by  increasing  efficiency  and  passenger  convenienc^y 
Further,  they  seek  to  strengthen  the  role  of  public  transport  in  transportation  planningarfd'-'' 
infrastructure  development,  with  about  a  third  of  the  countries  reporting  such  measures.^^iri'f, 
most  cases,  measures  to  enhance  public  transportation  were  being  pursued  through  economic 
instruments  such  as  direct  or  subsidized  funding  of  infrastructure  development,  tax  incentives 
for  public  transportation  use  and,  in  a  few  cases,  through  disincentives  for  vehicle  use. 

92.  yi^(;'.fs^<5inp  efficiency  in  the  movement  of  goods  was  also  a  focus  of  transportation'^  '  • 
measures  in  about  a  third  of  the  Parties.    In  addition  to  modal  shifts  from  road  to  rail  or 
waterway,  the  main  aim  appears  to  be  improved  efficiency  of  freight  hauling  through  the  use 
of  distribution  centres,  maximizing  load  capacity,  and  consolidated  intra-urban  cargo 
transport.    Loans,  subsidies  and  tax  incentives,  regulations  and  guidelines  and  voluntary 
actions  were  all  reported. 

93.  Fuel  taxes,  carbon  taxes  or  value-added  taxes  are  supportive  of  the  policy  thrusts 
mentioned  above  and  were  reported  by  eight  Parties.   In  a  number  of  countries,  fuel  tax 
regimes  have  been  reformed  to  achieve  environmental  objectives  such  as  differentiation  for 
carbon  contrat  or  pollutant  characteristics.    A  few  countries  noted  that  a  portion  of  the  tax 
revenue  will  be  used  to  improve  public  transportation.    A  third  of  the  Parties  described 
policies  and  measures  to  promote  wider  use  of  alternative  transportation  fuels,  primarily 
through  the  use  of  subsidies  and  tax  incentives. 

94.  Seven  Parties  provided  sectoral  estimates  of  the  effects  of  measures  aimed  at 
reducing  COj  emissions  from  fossil  fuel  combustion.    For  five  of  these,  the  estimated  effects 
of  measures  in  the  transportation  sector  make  a  smaller  contribution  to  projected  COj 
emission  reductions  than  either  the  residential,  commercial  or  industrial  sectors. 

S.    Industrial  processes 

95.  Greenhouse  gases  are  produced  as  by-products  in  industrial  processes  related  to  the 
production  of  aluminium  (PFCs),  magnesium  (SFJ,  nitric  acid  and  fertilizers  (N2O),  adipic 
acid  (NjO),  and  cement  and  lime  (CO^).    Industrial  processes  were  responsible  for  30  per 
cent  of  total  N2O  emissions  and  roughly  three  per  cent  of  total  CO2  emissions  in  reporting 
Parties.    A  small  number  of  policies  and  measures  to  address  these  process-related  emissions 
targeting  all  the  above  greenhouse  gases  were  described  in  six  communications.    Most  of 
these  measures  took  the  form  of  voluntary  agreements  with  industry,  or  voluntary  action  by 
industry,  to  reduce  emissions  fi-om  these  processes. 
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96.  HFCs  also  fall  into  this  sector.    Only  two  Parties  reported  policies  and  measures  to 
limit  HFC  emissions  —  voluntary  agreements  to  minimize  HFC  emissions  and  regulations  to 
phase  out  a  chemical  which  generates  HFC-23  as  a  by-product. 

6.   Agriculture 

97.  The  agricultural  sector  accounted  for  approximately  38  per  cent  of  CH,  emissions  and 
40  per  cent  of  N2O  emissions.    All  but  four  national  communications  mentioned  policies  and 
measures  to  reduce  emissions  from  agricultural  practices.    Approximately  10  per  cent  of  all 
policies  and  measures  reported  were  directed  towards  this  sector.    These  include  roughly  a 
third  of  all  measures  addressing  CH,  emissions  and  a  third  of  measures  addressing  NjO. 

98.  Nine  Parties  mentioned  policies  and  measures  targeted  at  CH,  emissions  from 
agriculture,  most  of  which  aim  to  reduce  emissions  from  enteric  fermentation  by  increased 
efficiency  in  animal  husbandry  and  to  reduce  waste  by  decreases  in  livestock  population. 
Some  countries  indicated  progress  in  this  area  as  a  result  of  subsidy  reductions  or  changes  in 
tax  systems.    Other  countries  are  using  a  variety  of  policy  instruments,  such  as 
information/education  programmes  to  improve  livestock  productivity.    Others  reported 
policies  to  reduce  emissions  from  animal  wastes  by  improved  drainage  practices  and  use  of 
manure  for  energy. 

99.  Seven  Parties  reported  policies  and  measures  to  limit  N7O  emissions  from  nitrogen 
fertilizer  use  by  reducing  the  use  of  fertilizers  through  information/education  programmes, 
regulations  and  economic  disincentives  or  by  improving  fertilizer  application  and 
management. 

100.  Six  national  communications  described  policies  and  measures  to  enhance  CO7 
sequestration  and  retention  in  agricultural  soils.    A  mix  of  policy  instruments  were  being 
used  to  encourage  revegetation  of  fallow  and  abandoned  lands  and  improved  tillage  practices. 

101.  A  number  of  countries  also  described  policies  and  measures  that  involve  the 
agricultural  sector,  but  reduce  greenhouse  gas  emissions  from  fossil  fuel  combustion. 
Examples  include  energy  conservation  in  the  agricultural  sector  and  the  production  and  use  of 
biomass  energy  sources. 

7.    Land  use  change  and  forestry 

102.  The  land  use  change  and  forestry  sector  was  reported  in  13  communications  as  an 
overall  sink  for  CO2  emissions  and  an  overall  source  in  one.   The  Parties  mentioned  about  40 
policies  and  measures,  constituting  roughly  5  per  cent  of  the  total  number  of  policies  and 
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measures.    Nine  Parties  rq)orted  on  policies  and  measures  that  focus  on  the  preservation  of 
biomass  in  forests.  jJThese  account  for  approximately  two  thirds  of  the  measures  described  in 
this  sector.    Regulations  and  guidelines  related  to  forest  management  and  conservation  made 
up  the  vast  majority  of  these  policies  and  measures,  while  some  countries  are  using  economic 
incentives,  .infprmation  and  education  programmes  towards  this  end. 

103.  Ten  Parties  described  policies  and  measures  to  encourage  afforestation,  with  emphasis 
on  the  use  of  subsidies  and  tax  incentives.  Some  noted  that  the  sink  enhancement  benefits  of 
afforestation  would  be  realized  largely  over  the  medium  to  long  term. 

104.  Six  Parties  provided  specific  estimates  of  expected  effects  of  measures  for  land  use 
change  and  forestry  in  2000,  and  five  of  them  also  provided  specific  estimates  of  the  effects 
of  all  their  policies  and  measures  on  CO2  emissions.    In  four  Parties,  measures  in  land  use 
change  and  forestry  accounted  for  less  Uian  15  per  cent  of  the  effects  of  all  measures  on  net 
CO2  emissions.    For  two  Parties,  measures  in  this  sector  accounted  for  approximately  60  and 
90  per  cent  of  the  projected  effects  of  all  measures  on  net  CO2  emissions. 

8.   Waste  management  and  sewage  treatment 

105.  The  waste  management  and  sewage  treatment  sector  accounted  for  34  per  cent  of  CH« 
emissions.    About  50  policies  and  measures  (6  per  cent  of  the  total  number)  were  reported  by 
13  Parties;  most  of  these  targeted  CH,  emissions.    They  aimed  to  promote  recycling  and 
minimize  waste,  reduce  emissions  ft'om  landfills  and  recover  energy  from  waste. 

106.  Most  countries  reported  on  measures  to  promote  recycling  and  minimize  waste. 
These  were  being  implemented  through  regulations,  policy  guidelines  and  technical 
standards.    Several  countries  reported  on  guidelines  to  change  business  practices  and 
lifestyles  and  promote  recycling  and  waste  minimization  through,  for  example,  waste 
managemwit  licensing  arrangements.    Technical  standards  have  been  established  to  regulate 
packaging  and  municipal  waste  management  techniques  have  been  introduced.   Several 
countries  mentioned  waste  generation  and  disposal  and  some  identified  taxes  (landfill  levies, 
tariffs  on  wastes)  as  policy  tools  to  reduce  waste  volumes.   Similarly,  voluntary  agreements 
are  being  sought  in  many  countries  to  stimulate  recycling  in  households,  small  businesses  and 
indusC^j  In  one  country,  special  agreements  with  industry  on  take-back  obligations  are 
being  implemented. 

107.  SevJejalrParties  reported  on  policies  and  measures  to  improve  sewage  treatment  and 
reduce  methaneiemissions  from  landfills,  focusing  on  emission  standards  for  waste 
incineration  plants^e  .curtailment  of  landfills  and  technical  standards  to  reduce  their  CH4 
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emisdons.    In  some  cases,  financial  incentives  have  been  introduced  by  Parties  to  promote 
the  development  of  sewage  treatment  facilities  and  support  projects  to  use  biogas." 

108.  Some  countries  have  adopted  voluntary  agreements  to  promote  recovery  nf  pnpr^y 
from  wastes.     These  measures  related  mostly  to  increased  recovery  of  landfill  methane  for 
energy  production.    One  country  specifically  mentioned  plans  to  launch  large-scale 
programmes  to  reduce  CH«  emissions  in  this  sector.   These  programmes  are  expected  to 
make  use  of  voluntary  agreements,  regulations  and  research  related  to  landfill  use. 

C.   Research  and  development 

109.  Virtually  all  national  communications  reported  on  government- funded  research  and 
development  (R&D)  programmes  aimed  at  developing  technologies  or  practices  to  reduce 
greenhouse  gas  emissions  or  enhance  sinks.    In  some  communications,  these  programmes 
were  described  largely  in  the  chapter  on  policies  and  measures  while  in  others  they  were 
discussed  in  a  specific  chapter  on  research.    For  the  purposes  of  the  synthesis,  these  elements 
are  consolidated  here.   The  information  provided  on  these  programmes  varied  widely,  ■ 
ranging  from  the  description  of  individual  research  projects  to  simple  outlines  of  national 
R&D  programmes.    Some  countries  provided  information  on  financial  commitments  to 
specific  projects  and  a  few  provided  budget  information  for  entire  R&D  programmes. 

1 10.  With  respect  to  the  energy  and  transformation  industries,  most  Parties  reported  on 
R&D  efforts  in  the  area  of  renewable  energy  sources  like  solar,  wind  and  biomass.    About 
half  of  the  communications  described  R&D  efforts  to  improve  the  efficiency  of  electricity 
generation.    A  few  countries  highlighted  research  in  nuclear  energy.    On  the  energy-use  side, 
virtually  all  communications  described  R&D  work  on  technologies  to  improve  the  energy 
efficiency  of  buildings  and  energy-using  equipment. 

111.  In  transportation,  more  than  half  of  the  communications  highlighted  R&D  on 
alternative  fuels  such  as  biomass-based  fuels,  natural  gas  and  electric  vehicles.    Seven 
countries  described  R&D  under  way  on  transportation  infrastructure  and  management,  and  a 
few  noted  research  to  improve  the  fuel  economy  of  passenger  vehicles. 

112.  Few  countries  reported  on  R&D  related  to  sink  enhancement.   More  than  half  of  the 
communications  did,  however,  describe  support  for  R&D  of  CO2  disposal  or  COj 
fertilization.    In  the  waste  area,  about  half  of  the  communications  described  R&D  for  landfill 
CH4  recovery  f^r  energy  purposes.    Only  a  few  countries  mentioned  research  in  the  area  of 
recycling.     In  the  agricultural  sector,  one  third  of  the  communications  described  R&D  work 
to  improve  management  of  fertilizers  and  soils.    A  few  countries  mentioned  research  into  the 
reduction  of  methane  emissions  from  animals. 
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113.  Virtually  allcpuntries  also  included  a  brief  discussion  of  socio-economic  research  in 
their  communicatiojis.jijFor  the  most  part,  the  research  described  relates  to  the  identification 
of  emission  reductions  associated  with  various  policy  responses  to  climate  change.   A  few 
countries  alsp  mentioned  research  into  issues  surrounding  policy  implementation  such  as  the 
role  of  behavio'urai  change  in  energy  efficiency  programmes. 

,  D. .  )Vlp^«nires  under  consideration  or  requiring  international  cooperation 

114.  Twelve  Parties  referred  to  the  need  for  a  degree  of  coordination  in  the  implementation 
of  policies  and  measures  to  limit  greenhouse  gas  emissions  so  as  to  avoid  market  distortions, 
particularly  with  respect  to  international  competitiveness.   Two  Parties  pointed  to  the 
potential  adverse  effects  of  unilateral  measures.    COj  and  energy  taxes,  product  eco-labelling 
and  standards  (for  example,  on  catalytic  converters,  large  combustion  plants  and  buildings) 
were  the  policy  tools  most  frequently  mentioned  in  this  regard.   These  references  are  also 
pertinent  to  the  implementation  of  commitments  under  Article  4.2(e)  and  (i). 

115.  A  number  of  Parties  that  belong  to  the  European  Community  suggested  that  this 
organization  is  an  effective  mechanism  for  achieving  international  cooperation  and  for 
advancing  coordinated  efforts  towards  the  implementation  of  measures.  Five  Parties  referred 
to  a  CO2  and  energy  tax  and  their  preference  for  its  implementation  through  the  European 
Community.   One  country  referred  to  a  specific  exemption  of  electricity  generating  industries 
from  a  domestic  CO2  tax  pending  international  coordination  regarding  taxation  on  energy. 
Four  other  Parties  described  measures  such  as  product  standards  and  product  labelling  which 
were  introduced  in  the  framework  of  the  European  Community. 

E.     Summary  conclusions  * 

116.  All  reporting  Parties  are  implementing  policies  and  measures  to  mitigate  climate 
change  and  each  Party  reported  policies  and  measures  targeted  at  CO2  and  CH4.   The 
majority  of  Parties  are  planning  or  are  implementing  policies  and  measures  which  target  all 
the  nmjor  emission  source  categories.    Carbon  dioxide  is  the  main  focus  of  attention. 

117.  (Some  communications  followed  the  guidelines  by  providing  detailed  descriptions  on  a 
measure-^^y-measure  basis  by  gas  and  by  sector;  others  provided  only  a  broad  overview  of 
policies  and  measures.    The  absence  of  detailed  information,  particularly  with  regard  to  the 
status  of  implementation,  the  effects  of  individual  measures,  monitoring  progress,  and 
interactions  ampng  measures  made  aggregation  difficult  and  constrained  the  results. 

'  otffifniv,  . 

118.  Inventorie!S(,of,i;ep9rting  countries  show  that  COj  from  the  energy  sector  is  the  largest 
source  of  greenhouse^ gases^,,, Energy-related  policies  and  measures  received  significant 
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emphasis  across  the  communications.   These  measures  were  directed  at  enei^y  production 
and  distribution  and  at  end-use  in  the  residential,  commercial,  industrial  and  transportation 
sectors.    Efforts  to  improve  the  efficiency  of  electricity  supply  and  some  ifu'el  conversion 
were  commonly  mentioned.   Increased  energy  efficiency  is  a  key  element  oreUmate  change 
mitigation  strategies.    Energy-related  R&D  was  prominent.  :f.<,. 

119.  The  residential,  commercial  and  institutional,  transport  and  industry  end-use  sectors 
appear  to  be  where  the  Parties  were  most  active.   When  taking  into  account  the  very  limited 
information  on  projected  effects  of  measures,  the  residential,  commercial  and  institutional 
sector  emerges  as  making  a  major  contribution  to  expected  CO2  emissions  limitations. 
Transportation  is  a  growing  source  of  greenhouse  gas  emissions.    Policy  trends  indicated  in 
communications  show  a  continuing  emphasis  on  reducing  emissions  through  regulation  and 
on  encouraging  fuel  efficiency  improvements  for  individual  vehicles.    Voluntary  agreements 
appear  to  be  of  increasing  interest  for  transportation  measures. 

120.  All  Parties  included  some  sink  enhancement  measures,  with  two  of  these  reporting  the 
bulk  of  their  expected  reductions  from  these  efforts. 

121.  Communications  highlighted  the  significance  of  international  cooperation  for  climate 
change  policies  and  measures,  particularly  when  they  could  potentially  affect  trade  flows. 


VI.    PROJECTIONS  AND  EFFECTS  OF  POLICIES  AND  MEASURES 

122.  Pursuant  to  Article  4.2  and  the  guidelines,  all  Parties  provided  projections  for 
anthropogenic  emissions.    In  most  cases,  projections  were  provided  for  the  three  major  gases 
as  well  as  removals  by  sinks.    In  some,  projections  were  also  provided  for  other  gases  and 
precursors.    One  Party  provided  figures  for  2005  rather  than  for  2000. 

123.  Several  Parties  stated  that  their  "with  measures"  projections,  incorporating  current 
policies  and  measures,  did  not  necessarily  reflect  what  they  expected  their  emission  levels  to 
be  in  2000  since  they  intended  to  develop  and  implement  further  measures.    The  projections 
provide  information  on  progress  made  towards  the  aim  specified  in  Article  4.2  but  should  be 
seen  in  the  context  of  statements  on  national  targets,  monitoring  of  progress  and  further 

development  of  policies  and  measures. 

•  ',1' 

124.  The  sectibns  of  the  communications  dealing  with  projections  and  effects  of  policies 
and  measures  were  very  heterogeneous.    In  an  effort  to  present  the  information  as  concisely 
as  possible  and  in  accordance  with  decision  10/1,  the  data  are  set  out  in  tables  1-7. 
However,  it  is  important  to  emphasize  that  projections  from  one  country  are  not 
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comparable  with  thpse.from  another  because  of  differences  in  modelling  approaches,  key  - 
input  assumptions,  spurces  projected,  the  representation  of  policies  and  measures,  the 
uncertainties  of  projections  due  to  national  circumstances  and  adjustments  in  some  of  the 
1990  levels  for.,temperature  anomalies  or  electricity  trade.    As  one  communication  noted: 
"...  the  most^usefiil  way  to  interpret  the  numerical  values  quoted  in  this  chapter  is  to  obtain 
an  appreciation  of  the-  order  of  magnitude  of  the  issues.   That  is,  to  draw  out  their  qualitative 
inferences  xather  than  to  apply  a  rigorous  mathematical  analysis"  (emphasis  added). 

A.     Approaches  used  and  methodological  issues 

125. ,  Parties  used  different  approaches  to  estimate  their  projected  emissions,  reflecting 
variations  in  economic  structure,  experience  and  data  availability.    "Top-down"  economic 
models  played  a  dominant  role  for  COj  projections.    Some  countries  based  their  projections 
on  sectoral  models,  typically  for  the  energy  and  transport  sectors.    Some  Parties  combined 
"top  down"  models  with  more  technologically  explicit  "bottom-up"  approaches.    It  is  well 
known  that  the  use  of  different  models  can  generate  significantly  different  outcomes. 
Projections  of  emissions  of  non-COj  gases  and  of  removals  by  sinks  were,  in  general,  based 
on  more  disaggregated  approaches.    Most  Parties  provided  enough  information  to  allow  a 
third  party  to  obtain  a  qualitative  understanding  of  the  approaches  used. 

126.  It  was  often  unclear  how  relevant  policies  and  measures  were  reflected  in  the 
projections.    In  general,  the  approaches  used  did  not  allow  complete  representation  of  all 
policies  and  measures  to  the  level  of  detail  in  which  they  had  been  implemented.   In  part, 
this  is  because  there  is  insufficient  information  on  the  effects  of  some  policies  and  measures. 
In  addition,  the  level  of  aggregation  in  some  types  of  models  was  high.   Several  Parties 
noted  that  such  aggregation  made  it  difficult  to  account  for  any  overlap  and  synergies 
between  different  policies  and  measures. 

127.  Important  assumptions  in  developing  projections  related  to  gross  domestic  product 
(GDP)  growth,  energy  prices  and  structural  changes  in  energy  demand  and  supply.    Eleven 
Parties  gave  information  on  their  assumed  GDP  growth  rates  for  1991-2(XX).   These  ranged 
from  0.8  to  3.8  per  cent  per  annum,  which  is  in  line  with  projections  from  OECD'  (1.9-3.0 
per  cent  for  1991-2000)  and  World  Energy  Council  (2.4  per  cent  for  1990-2000).   Twelve 
countries  reported  their  assumptions  for  real  energy  prices  on  world  or  regional  markets:  ail 
12  for  oil,  prices,  four  for  coal  and/or  gas.  With  respect  to  world  oil  prices,  three  countries 
assumed  "lowr  prices  in  2000  ($17-20  per  barrel),  five  assumed  "moderate"  prices  ($22-24) 


See  OECD,  Economic  Outlook,  OECD.  Paris.  1993;  and  Energy  for  Tomorrow's  Worid,  World  Energy  Council.  Kogan  Page, 
Lxindon,  1993. 


470 


AyAC.237/81 
English 
Page  32 


and  four  assumed  "high"  prices  ($27-30).   These  figures  are  in  line  with  the  lEA  World 
Energy  Outlook  ($27.3  for  the  reference  case  and  $20  as  an  alternative  assumption). 

128.  Various  types  of  uncertainties  related  to  natural  variations  and  policy  choices  were 
repotted  by  several  countries.    A  few  Parties  provided  sensitivity  analyses  of  variations  in 
some  key  inputs.    Some  also  raised  issues  such  as  temperature  variations,  electricity  trade, 
choices  of  fuels  (especially  for  electricity  production),  precipitation  (for  hydro  power 
availability),  changes  in  behaviour,  uncertainties  in  emissions  factors  (inventories)  and  in  the 
effects  of  policies  and  measures. 

129.  Several  Parties  noted  that  1990  was  warmer  than  normal.    One  Party  adjusted  its 
inventory  and  the  starting  point  for  the  projections.    Another  Party  adjusted  only  the  starting 
point  for  its  projections  in  the  same  way,  and  two  gave  quantitative  indications  of  what  such 
an  adjustment  would  have  meant  for  them. 

130.  Several  Parties  mentioned  electricity  trade  in  relation  to  projections.    One  country 
accounted  for  its  net  imports  of  electricity  in  1990  by  simulating  production  of  that  electricity 
from  available  plants  within  its  own  borders;  another  stated  that  it  had  accounted  for  net 
electricity  imports  in  its  2(X)0  projection  without  attaching  emissions  to  it,  and  yet  another 
stated  that  emissions  generated  for  exported  or  imported  electricity  were  not  taken  into 

account. 

I. 

131.  The  Parties  that  used  adjustments  did  so  transparently  and  expressed  the  view  that,  as 
conditions  in  projected  years  were  assumed  to  be  average,  the  adjustments  made  it  easier  to 
demonstrate  how  policies  and  measures  influenced  emissions. 

B.    Projected  anthropogenic  emissions  and  removals  in  2000 

132.  All  Parties  provided  information  that  constituted,  or  could  be  interpreted  as,  "with 
measures"  projections  for  CO2  emissions.    Most  Parties  incorporated  in  their  2(X)0  figures,  to 
the  extent  possible,  the  effects  of  policies  and  measures  that  were  implemented  or  committed 
to  when  the  communication  was  produced,  often  assuming  that  current  funding  levels  would 
be  continued.   Some  assumed  only  partial  implementation  of  action  plans/mitigation 
programmes,  while  others  assum»l  full  implementation  and  funding  of  planned  activities. 
One  Party  included  fewer  policies  and  measures  in  its  projections  than  had  already  been 
implemented.    In  some  cases,  projections  were  made  for  only  a  part  of  the  economy.   Some 
Parties  did  notvinclude  a  "with  measures"  projection,  but  provided  a  "without  measures"  or 
"reference"  projection  and  estimated  the  effects  of  policies  and  measures  on  emissions 
separately,- enabling  a  "with  measures"  2000  level  to  be  ascertained. 
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133.  Some  Parties  reported  difficulties  in  projecting  non-COj  gases,  often  because  of  lack 
of  data.   This  has  implications  for  the  quality  of  the  projections,  particularly  for  emissions  of 
FCs,  PFCs,  and  SF4.   Several  projections  of  non-COi  gases  and  of  removals  by  sinks, 
reflected  scenarios  that  incorporated  few  policies  and  measures  or  none. 

134.  Tables  1-7  below  allow  the  reader  to  compare,  for  each  Party,  the  projected  emission 
and  removal  levels  in  2000  with: 

(a)  The  1990  levels  used  in  developing  the  projections;  and 

(b)  The  1990  levels  reflected  in  the  inventory  (see  section  IV). 

Separate  tables  are  provided  for  CO2  excluding  the  land  use  change  and  forestry  sector 
(toble  1),  CO2  from  this  sector  including  removals  by  sinks  (table  2),  CH4  (table  3),  NjO 
(table  4)  and  other  greenhouse  gases  (table  5).   To  give  a  more  effective  presentation  for 
"other  gases"  the  figures  for  PFCs  and  HFCs  are  presented  using  the  IPCC  -1994  GWP 
values  (1(X)  years  time-horizon).   Without  prejudging  the  decision  of  the  COP  on  the  use  of 
GWPs,  the  secretariat  has  developed  GWP-based  summary  tables  for  all  gases  with  and 
without  land  use  change  and  forestry  (tables  6  and  7).   The  footnotes  and  notes  should  be 
treated  as  integral  parts  of  the  tables;  they  describe  the  projections  used  by  each  Party  and 
explain  any  changes  or  calculations  made  by  the  secretariat.    The  projections  are  not 
comparable  and,  in  accordance  with  decision  10/1,  individual  national  totals  are  not 
added. 

135.  The  tables  reveal  some  differences  between  the  1990  levels  from  the  inventories  and 
the  1990  levels  used  as  the  basis  for  the  projections.   These  reflect  differences  due  to 
rounding,  calibration  of  models,  updating  of  inventories  subsequent  to  the  projections  being 
developed,  and  the  fact  that  some  did  not  include  exactly  the  same  sources  in  the  projections 
as  in  the  inventories.   In  three  cases,  such  differences  also  reflect  the  use  of  adjustments. 
For  CO2  emissions,  in  order  to  enhance  comparability  and  transparency,  it  was  necessary  to 
include  two  columns  for  percentage  variations  (table  1).   For  non-C02  gases  and  the  land  use 
change  and  forestry  sector,  one  column  for  percentage  variation  sufficed  as  any  differences 
between  comparable  figures  were  minor.    In  the  case  of  tables  6  and  7,  the  projections  for  all 
gases  reflected,  for  the  most  part,  only' subsets  of  the  inventory  or  other  inconsistencies  were 
reported.   Thus  any  comparison  between  the  projection  and  inventory  figures  would  be 
inappropriate. 
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Table  1.    Projected  anthropogenic  emissions  of  COj  (excluding  land,  use  change  and 
forestry)  ■  '   > 


(«iga| 

srams) 

DaU  from  inventorv 

1990  1ever' 

(Gg) 

Data  from  oroiection 

Variations 

1990  level" 

2000  leveP 
(Gg) 

from  inventory     from  projection 
(Percentage) 

Australia 

288  965 

288  965 

336  199 

16.3 

16.3 

Avutna 

59  200 

59  900 

65  800 

11.1 

9.8 

Canada 

Czech  Republic 

457  441 
169  514 

461  200 
163  584 

510  000 
135  536 

11.5 
-20.0 

10.6 
-17.2 

Denmaric 

52  100 

58  353 

53  753 

3.2 

-7.9 

Germany 

1  012  443 

1  032  000 

Japan 

1  173  360 

1  173  000 

1  200  000 

2.3 

2.3 

Netberiands 

167  600 

174  000 

167  600 

0.0 

-3.7 

NewZcaUnd 

25  530 

25  530 

29  550 

15.7 

15.7 

Norway 

35  533 

35  400 

39  500 

11.2 

11.6 

Spain 

260  654 

222  908 

276  523 

24.1 

Sweden 

61  256 

61  300 

63  800 

4.2 

4.1 

Switzerland 

43  600 

45  400 

43  800 

0.5 

-3.5 

UK 

584  078 

586  720 

586  720 

0.5 

0 

USA 

4  957  022 

5  012  789 

5  163  136 

4.2 

3.0 

DaU  from  invemory  Ubie  A.I. 

Minor  differencei  in  1990  levels  between  inventories  and  projections  are,  for  example,  due  to  Ute  revisions  of  inventories,  rounding^ 
calibration  of  models,  or  that  only  a  subset  of  the  sources  were  projected.  For  three  countries  differences  are  also  due  to  adjustments. 
'With  measures'  levels  for  2000. 


Notes* 

Australia:  The  effect  of  measures  in  2000  (ubte  6.2.  p.74)  was 
niblracted  from  the  reference  scenario  (table  6.1.  p.72)  reflecting 
'delayed  or  partial  tmplemeniaiion,  and/or  other  conditions  which 
reduce  the  probability  of  effectiveness.  This  scenario  can  be  taken 
to  be  close  to  the  current  rate  of  implemeautjon'  (p.74).  Ingeneral, 
Australia  assumes  existing  measures  to  continue  at  the  current  rsu 
of  io^lementation  (p. 80).  Fiscal  years  sre  used. 

Austria:  The  2000  figures  are  from  the  Institute  of  Economic 
Research  (fER)  reference  scenario.  Process  emissions  are  assumed 
stable  (fooCnote,  p.2)  and  added  to  pyrogemc  emissions.  The 
communicatioostalSs'tEat  the  scenario  does  not  represent  all  policies 
and  measures  Implemented  or  committed  to;  these  are  not  fully 
quantified  and  may  permit  Austria  to  'subilize  iu  CO,  emissions  by 
the  time  period  arauod  2000  to  2(X)S'  (p.4).  The  scenario  includes 


structural  shifU  in  industry  sway  from  energy  intensive  primary 
industries,  susuincd  efforu  to  improve  energy  utilization  (generating 
1.5  per  cent  energy  efGciency  improvemcm  per  annum)  and 
preferential  Ireatntent  of  less  environmentally  damaging  and 
renewable  resources  as  opposed  to  fossil  fuels  (p.S2). 

Canada:  Projections  (ubIe  13.11,  p.l28)  incofporsie  'theeffecuof 
a  number  of  federal  and  provincial ipoUcies,  programs  and  measures 
currently  in  place  or  in  the  procen  of  implemenution'  <p.l2S). 

Czech  Republic:  The  figures  for  2000  were  calc^ted  from 
percenUge  decreases  projected  (12.3  per  cent)  and  additional 
information  (p.  14).  Estimate  of  effects  of  policies  and  measures 
implemented  (p.27)  was  subtracted  from  a  scenario  described  as 
assuming  'slow  implemenlalion  of  measures,  or  not  st  all'  (p. 13). 


*  All  refererkccs  in  parentheses  sre  to  the  rutional  commuotcation. 
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Dcfunark:  Figure*  were  uken  from  table  3.2,  p. 4 1  of  the 
communication,  noting  that  clightly  revised  figures  were  given  on 
p. 75.  Auuming  energy  measures  (Energy  2000  Follow  Up  =  1993) 
yet  to  be  implemented,  and  current  policies  in  other  sectors.  The 
projection  figure  used  for  1990  is  adjusted  for  electricity  imporU. 

Germany:  For  2005  the  level  was  projected  to  be  980.000  Gg 
(table  6.15,  p. 144).  (The  communication  does  not  ^ecify  which 
measures  are  included  in  the  projection  for  2005). 

Japan:  The  projection  is  based  on  the  Long-term  Energy  Supply 
and  Demand  Outlook.  The  projection  assumes  that  "all  energy 
conservation  measures  incorporated  in  the  Outlook  are  fully 
implemented'  (p.  140)  and  control  measures  in  industrial  processes 
and  measures  to  reduce  CO,  emissions  from  municipal  waste  are 
fully  implemented  (e.g.  waste  projection  is  'based  on  the  assumption 
that  serious  efforts  will  be  made  to  thoroughly  recycle  paper  waste' 
(p. 14!)).    Hscal  years  are  used. 

Netbefiands:  The  projection  takes  into  account  the  effects  of 
policies  and  measures  decided  prior  to  the  communication  being 
submitted  (Energy  Policy  Scenario,  p. 59).  The  1990  projection 
figure  includes  a  temperature  adjustment. 

Norway:  The  projection  reflects  'current  policies'  (p. 36)  . 
including  carbon  taxes  that  were  implemented  in  1991. 

New  Zealand:  The  figures  for  2000  were  given  as  an  interval 
(29,160  -  29,940  Gg,  table  7.1 ,  p.46).  The  measures  included  in  (he 
projection  are  not  ^ecifted. 

Spain:  The  projection  only  ukes  into  account  energy.  It  is 
based  on  the  reference  scenario  from  the  Plan  Energ^co 
Naciooal  91  (PEN  91).  and  when  the  effects  of  measures  conU'med 
in  the  Plan  dc  Ahorro  y  Eficicncia  Energitica  (PAEE)  (described  in 

Comments 


the  conununicaiion),  were  uken  into  account,  the  projected  increase 
of  emissions  of  CX5j  were  reduced  from  45  per  cent  to  25  per  cent 
in  2000  from  the  1990  level  (p.9l).  Actual  development  has  not 
been  in  line  with  the  assumptions  from  PEN  91;  GDP  growth 
especially  has  been  lower.  A  revision  is  therefore  envisaged. 

Sweden:  The  projection  is  based  on  political  decisions  made  to  date 
(p.63),  except  changes  to  energy  taxes  as  from  I  July  1994,  before 
which  dale  the  forecasts  were  made.  Sweden  notes  that  if 
temperature  adjustments  of  3  MtCO,  in  the  figures  for  1990  had 
been  made,  projected  emissions  would  have  been  stable  (p. 68). 


Switzerland:  Bunker  fuels  (2.1  MiCO,  in  1990  and  2.5  MtCO,  in 
2000)  are  subtracted  from  the  aggregate  figures  given  in  the  repoft. 
The  projection  includes  only  measures  already  implemented  or 
decided  as  of  1994  (pp. 18-20.  74.  152).  The  inventory  figure  for 
1990  was  not  adjusted  for  teniperature  (p. 38),  but  the  projection  is 
based  on  a  temperature-adjusted  1990  level  of  emissioru  (p.79). 

UK:  The  'central  growth/low  fuel  price'  scenario  (among  several) 
is  presented  as  the  reference  scenario  for  emissions.  This  includes 
an  agreement  with  electric  utilities  on  fuel  choice  and  use  of  CHP 
afUr  1990  (p. 17).  In  this  projection  emissions  increased  10  MtC. 
The  measures  in  place  are  estimated  to  reduce  emissions  in  2000  by 
lOMlC.  which  is  subtracted  from  the  projected  2000  level  (p.  16)  and 
used  for  the  table. 


USA:  The  projection  includes  policies  and  measures  proposed  by  the 
Administration  in  the  Climate  Change  Action  Plan  (techxucal 
BupplemetU  to  the  communication,  pp. 33-60),  assuming  'thai  the 
funding  required  will  be  conunitted*  (technical  supplement,  p.S5). 
The  conununicaiion  notes  that  some  actions  which  'may  yield 
significant  reductioru'  are  not  ir^tudcd  (p.  187).  while  ccorwmic 
growth  has  been  more  robust  and  oil  prices  lower  than  assumed. 


All  communicatioas  gave  projections  for  COj  emissions,  although  some  of  them  addressed  only  emissions 
from  energy  use  of  fossil  fiiels  and  one  of  them  did  not  give  figures  for  2000.  Nine  Parties  projected  an  increase 
from  1990  levels  in  2000,  according  to  the  starting  points  of  their  projections,  while  five  Parties  projected  either 
stabilization  or  a  reduction  from  that  level.  The  Party  that  did  not  provide  2000  figures  projected  a  5  per  cent 
decrease  from  1990  to  2005.  The  projected  growth  in  emissions  is  above  10  per  cent  for  five  Parties.  Among  the 
Parties  that  projected  declines,  all  but  one  projected  reductions  of  less  than  8  per  cent.  The  exception  was  an 
economy  in  transition  whose  projected  emissions  reached  the  lowest  level  in  1994  and  then  started  to  rise.  If 
projected  2000  emissions  are  compared  with  1990  inventory  figures  for  the  three  Parties  that  made  adjustmenu.  the 
results  change  ifrpm  projected  decreases  for  all  of  them  to  stabilization,  a  0.5  per  cent  increase  and  a  3.2  per  cent 
increase.         .,  ^„,^^^  .,       .      . 

•A   .00- ii 
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Table  2. 


CO,  projections  in  land  use  change  and  forestry*' 
(Gigagrams) 


Data  from  inventory 

1990  level" 

(Gg) 

Data  from  oroiection 

Variatinns 

1990  level" 

(Gg) 

2000  level* 

trom  projection 
(Percentage) 

AuttnlU 
Austiit 

130  843 

130  843 

118  592 

-9.4 

Canada 

Czech  Republic 

-282 
-2  280 

-2  300 

-2  800 

-22.8 

Denmark 

-2  600 

-2  600 

-2  600 

0.0 

Germany 
Japan 

-20  000 
-90  000 

-90  000 

-92  000 

-2.2 

Netherlands 

-120 

-120 

-920 

-666.7 

New  Zealand 

-16  716 

-16  716 

-25  519 

-52.7 

Norway 

Spain 

Sweden 

-12  200 
-4  178 
-34  368 

-34  000 

-29  000 

14.7 

Switzerland 

-5  244 

-5  200 

-5  300 

-1.9 

UK 

-7  284 

-9  167 

-  -9  167 

-  0 

USA 

-436  000 

-476  710 

-539  049 

-13.1 

Negative  values  in  Gg  denou  removal  of  COj.    Positive  values  denote  net  source  of 

denote  ntore  removals  in  2000  than  in  1990,  or  a  decrease  in  net  emissions. 

Data  from  inventory  ubie  A. 3. 

Differences  in  1990  levels  between  inventories  and  projections  arc,  for  example,  due  to  late 

that  only  a  subset  of  the  sources  were  projected. 

'With  measures'  levels  for  2000. 


Negative  values  in  percenuge 


of  inventories,  rounding,  < 


Australia:  The  effecu  of  measures  on  biosphere  CO,  (ubIe  6.2, 
p. 74)  are  subtracted  from  the  'without  measures'  scenario  (table  6.1, 
p.72). 

Cl«ch  Republic:  It  is  assumed  that  the  emissions  and  removals  are 
suble  from  1990  to  2000  in  a  reference  case,  and  the  effecu  of 
policies  and  measures  in  agriculture  and  foreauy  (p.27)  are  then 
subtracted  from  that  level. 

Netherlands:  The  figure  for  the  2000  level  was  calculated  adding 
Comments 


the  1990  level  to  the  estimated  effecu  of 


(p.59). 


UK:  The  projection  figure  for  1990  only  refers  to  carbon  removal 
from  managed  foresu,  which  is  a  subset  of  the  sector.  These 
e  likely  to  remain  suble  (p.37). 


USA:  The  figures  assume  that  sinks  represent  carbon  removals  from 
land  use  change  and  forestry  (technical  supplement  to  the 
communication,  p. 8). 


Ten  Parties  provided  separate  projections  for  land  use  change  and  forestry  including  removals  by  COj  sinks 
in  2(XX).  Nine  Parties  projected  an  increase  in  the  carbon  stored  in  their  biomass  reservoirs,  basiatlly  in  forests.  Six 
Parties  projected  aa^increase  in  this  net  sink;  for  two  Parties  it  remained  tinchanged,  and  one  Party  projected  a 
decrease.  Another  Party,  reporting  this  sector  as  a  net  source,  projected  a  decrease  for2(XX).  In  several  cases  these 
projections  may  include  carbon  sequestration  or  mitigation  efforts  in  agriculture.  Some  of  the  Parties  expressed  their 
preference  for  presenting  an  aggregate  figure  for  all  sectors  of  COj  sources  and  sinks. 
*  All  references  in  parentheses  are  to  the  national  communication. 
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Table  3.    Projected  anthropogenic  emissions  of  CH4 
(Gigagrams)*' 


Data  from  inventory 
1990  level" 

Data 

from  oroiection 

Variations 

•1.0- 

1990  level" 

2000  level* 

from  projection 

■■■■.■vy'.^ 

(Gg) 

(Gg) 

(Percentage) 

Austnlia 

6  243 

6244 

6  480 

3.8 

AiutrU 

«03 

-  600 

-  600 

_  0 

Canada 

3  143 

1  136 

1291 

. 

Czech  Republic 

877 

623 

511 

-18.0  .  1  :, 

Denmait 

406 

406 

354 

-12.8      : 

Germany 

6  218 

6200 

- 

Japan 

1377 

1  380 

1  ISO 

-16.7 

Nettieriand* 

1067 

1  067 

786 

-26.3 

New  Zealand 

2  112 

2  0S1 

£  1  931 

-5.9. 

Norway 

289 

291 

278 

-4.5      , 

Spain 

2  143 

- 

Sweden 

329 

329 

300 

-8.8 

Switzerland 

274 

274 

256 

-6.6 

UK 

4  821 

-  5000 

4400 

£  -10.0 

USA 

27  000 

27  669 

22  335 

-19.3 

Figure*  provided  in  CO,  equtvalciu  and  to  MtC  have  been  converted. 

Data  from  inventory  table  A.4. 

Differencea  in  1990  tevela  between  tnveoloriea  and  projectiooa  are.  for  example*  due  to  late  reviaiooa  of  invenioriea,  rouadiaf , 

calibration  of  models,  or  that  only  a  subset  of  the  sources  were  projected.  . 

'With  measures*  levels  for  2000. 


Cennany:  For200S  the  fifure  was3.2S0a{  (uble6.1l,  p.l42). 

Japan:  The  projection  only  ukes  into  account  the  efTecu  of  energy 
conservation  and  waste  reduction  measures  (table  4-4-1,  p.  143). 

Netbcfiands:  Tlie  projection  only  ukes  into  account  the  efTecu  of 
policies  initialed  under  the  Second  National  EnvironiiKntal  Policy 
Plan  (NEPP2)  and  (he  Second  Memorandum  on  Eneijy  Conservaiioo 
(p. 164). 

New  Zealand:  The  1990  projection  figure  does  not  include  energy- 
related  emissiona  or  emiuiona  from  Uirut  use  change  andjorauy.  In 
the  1990  inventory,  all  other  emisaions  amounted  to  2,051  Gg. 


Notes* 

Aostralia:  The  effecu  of  measures  are  subtracted  (table  6  J,  p.76) 
from  the  reference  'without  measures*  scenario  (ubie  6.1,  p.72)  to 
obuin  a  'with  measurea*  projection. 

Austria:  lUs  is  a  'wiihotu  measures*  projection  (p. 88). 

Canada:  Tlie  1990  projection  figure  only  refers  to  energy-related 
emiaaiona.  In  the  1990  inventory  these  were  1,085  Gg  (ubIe  13.1 1, 

p.l28).:  jIb- 

Czech  Republic:  Three  major  sources  were  projected  covering  71 
per  cent  of  the  inventory  figure  for  1990  under  the  assumption  that 
I  will  be  implemented  slowly  or  not  at  all  (p.  14). 


Coimnenb 


■  In.i.; 


Fotirteeo  PaiJ^  g>ye  projections  for  CH^.  Some  projected  eoergy-related  emissions  only  while  one  Party 
excluded  these.  TwelveJPuties  projected  figures  at  or  below  1990  levels  for  2000,  and  one  projected  an  increase. 
Another  one  projected  an  increase  of  13.6  per  cent,  but  only  for  one  third  of  its  emissions.  The  Party  that  did  not 
give  20(X)  figures  projected  a  48  per  cent  decrease  from  1990  to  2005. 

*  All  referencea  in  parentheses  are  to  the  natioful  communication. 
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Table  4.    Projected  anthropogenic  emissions  of  NjO 
(Gigagrams)" 


•-fiJOiJ 


Data  from  inventory 
1990  level" 

Data  from  oroiection 

1990leveP» 

2000  level* 

from  projection 

(Gg) 

(Gg) 

(Percentage) 

Aiutnlia 

60.2 

60.1 

61.1 

1.5 

Austria 

4.8 

-  4.2 

-  4.2 

-  0 

Canada 

91.2 

47.0 

51.9 

Czech  Republic 

41.0 

- 

Denmark 

10.2 

10.5 

11.5 

9.5 

Germany 

223.0 

220.0 

- 

Japan 

47.3 

47.0 

-  52.0 

8.3 

Netherlands 

59.6 

59.6 

62.2 

4.4 

New  Zealand 

8.3 

-  0 

Norway 

15.6 

15.6 

16.3 

4.5 

Spain 

94.7 

- 

Sweden 

15.2 

15.2 

13.0 

-14.6. 

Switzerland 

28.6 

0.9 

1.5 

UK 

109.0 

-  110 

-  30 

-  -72.7 

USA 

411.4 

529.7 

421.0 

-20.5 

**   Figures  provided  in  MtC  e^^uivalents  have  been  conveited.  '  'P^ 

^  Data  from  inventonr  table  A. 5.  ■''•'' 

**   Differences  in  19^    *evels  between  inventories  and  projections  are,  for  example,  due  lo  late  revisions  of  inVeiilories,  rounding, 

calibration  of  models,  or  thsl  only  •  subset  of  Ihe  sources  were  projected.  •'V 

•  "With  measures-  levels  for  2000.  ••il 


Notes* 

Australia:    The  effects  of  measures  are  subtracted  (p.  76)  from  the 
'without  measures*  scenario  (p. 72)  to  get  a  "with  measures'  figure. 

Austria:   This  is  a  'without  measures'  projection  (p. 88). 

Canada:  The  1990  projection  figure  only  refers  to  eDcrgy-relaied 
emissioiu.   lo  the  inventory  for  1990  these  were  47.6  Gg   (p. 128). 

Germany:  The  figure  for  200S  was  170  Gg   (Ubie  6.11.  p.l42). 

Japan:   The  projection  figure  for  2000  only  refers  to  the  effects  of 

Comments 


energy  cbnservalioa  and  vtMc  reduction  measures  (p. 144). 

Netherlands:  The  projection  figure  for  2000  incorporates  the  effects 
of  policies  snd  measures  initialed  uinder  NEPP2.  However,  s  number 
of  policies  Unplemented  to  reduce  N,0  emissions  sssocialed  with 
fenilizer  application  sod  animal  mature  are  not  incorporated  because 
of  a  lack  of  knowledge  about  their  eflecu  (p. 65). 

Switzerland:  The  projection  GgUre'Covers  only  a  minor  pan  of  the 
sources  (from  Iranspoftation)  and  does  not  allow  for  calculation  of 
trends  (p.80). 


Twelve  Parties  gave  projection  figures  for  NjO,  one  Party  provided  figures  covering  only  a  minor  part  of  the 
emissions  in  1990  and  another  Party  provided  only  2005  figures.  However,  the  uncertainty  levels  are  significant. 
Emissions  from^^ve  Parties  are  projected  to  be  either  stable  or  decreasing  (by  15  to  20  per  cent),  while  emissions 
from  another  four  are  projected  to  be  increasing  (by  0  to  13  per  cent)  from  1990  to  2000.  One  Party  projected  an 
increase  of  10.4  per  cent  but  only  for  energy-related  emissions.  Two  Parties,  one  in  its  2X)05  figure,  projected  major 
decreases  (due  to  closing  old  adipic  acid  plants). 


All  references  in  psrenlheses  sre  to  the  ostional  communicstion. 
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Table  5.    Projections  for  other  greenhouse  gases*' 

(CO2  equivalent  in  Gigagrams,  using  1994  GWPs,  time-horizon  =  100  years)" 


1990  level 

2000  level 

Variations 

HFCs              PFCs 
(COjcquivalent  in 

SF, 
Gg) 

HFCs             PFCs 
(COjCquivalent  in 

SF. 

Gg) 

HFCs 

PFCs 
(Percentage) 

SF, 

Australia 
New  Zealand 

4  100 
700 

1  700 
700 

-59 
-  0 

Norway 

0.4              2  500 

2  300 

600 

1  700 

800 

5:  0 

-32 

-65 

Sweden 
UK 

0                     400 
2  100 

1  000 

2600 

400 
-   100 

1  000 

^  0 

-  0 
-95 

-  0 

USA 

67  500                17  000 

120  300 

9  700 

78 

-43 

- 

The  figures  are  rounded. 

Figures  provided  on  a  wcighl  basis  have  been  converted. 


Notes 


Australia:    Estimates  of  cfTects  of  measures  were  subtncted  from  that   approximately  95  per  cent  was  CF4  and  5  per  cent  f^F«. 
the  baseline  scenario  (uble  6.5,  p.79).  The  same  split  between  CF4 

and  C^F.  was  assumed  in  2000  as  in  1990  (uble  6.1,  p.72),  making  Norway:  Tne  same  split  between  CF.  and  C,F,  was  awumed  in  2000 

it  possible  to  recalculate  from  other  GWPs.  as  in  1990,  making  it  possible  to  recalculate  from  other  GWPs. 


New  Zealand:     Emissions  of    PFCs  of  0.1  Gg  were  reported, 
largely  from  aluminium  smelting.     The  secretariat  has  assumed 


Coininents 


UK:  The  lowest 


(reported  as  most  likely)  has  been  chosen. 


Projections  for  all  or  some  of  the  other  gases  (PFCs,  HFC^  and  SFJ  were  provided  by  six  Parties.  It  was  only 
possible  to  present  these  uniformly  by  using  GWPs  (IPCC-1994).  Three  Parties  projected  increases  in  HFCs  as 
they  are  replacing  ozone  depleting  substances.  Four  Parties  projected  a  substantial  decrease  in  PFCs  (already 
achieved  by  two  of  them  in  their  1993  inventories),  while  two  gave  a  stable  projection.  Two  Parties  provided 
projections  for  SF«,  one  showing  a  considerable  decrease,    the  other  remaining  stable. 


All  references  in  parentheses  are  to  the  national  communication. 
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Table  6.    Projected  anthropogenic  emissions  of  all  greenhouse  gasesf  (excluding  land  use 
change  and  forestry)  -tip,  ,, , 

(COjequivalent  in  Gigagrams,  using  1994  GWPs,  time-horizon  =  100  years)''' 


Dala  from  inventorv 
1990  level 

Dau  from 

projection 

V«li«lion. 

1990  level* 

2000  level 

from  projection 

(CO 

equivalent  in 

Og) 

(CO, 

equivalent 

inGg) 

AiutnlU 

4«S88S 

465  909 

516  822 

10.9 

Auitria 

75  5«7 

-  74  600 

-  81  886 

-  9.7 

Caiuda 

S64  80S 

504  542 

558  757 

10.7 

Cxeeh  Republic 

204  861 

178  848 

148  056 

-17.2 

Oeiuiuric 

6S413 

71  765 

66  221 

-7.7 

Cennany 

1  238  374 

1256  500 

Japan 

I  222  607 

1  222  650 

-  1  245  336 

-  1.8 

NctherlaiKit 

213  377 

219  810 

207  383 

-5.7 

NewZeaUnd 

80  713 

76  480 

77  560 

1.4 

Norway 

52  595 

52  478 

54  790 

4.4 

Spain 

341208 

222  908 

276  523 

24.1     • 

Sweden 

75  739 

74  383 

75  440 

1.4 

Switzerland 

59  883 

52  394 

50  567 

-3.5 

UK 

740  263 

-  747  620 

-  704  520 

-  -4.2 

USA 

5  838  784 

5  949  981 

5  979  274 

0.5 

**  Ftguna  from  ubies  I,  3,  4  tnd  S  have  been  uaed  u  the  itarUag  point  for  theae  projections.   Only  gates  and  sources  that  were 

pfojected  are  included. 
**  Figures  differ  from  those  in  the  commuoicatioas  where  countries  did  not  use  tPCC-1994  GWPs  (time-horizoa  100  years). 
**  Major  differences  between  inventory  figures  and  projection  figures  for  1990  reflect  that  projections  were  not  given  for  sU  gases 

repotted  io  the  inventories  or  for  all  sectors,  nor  that  temperature  or  electricity  imports  adjustments  had  been  taken  iiuo  account. 

Comments 

Wheo  all  emissions  (outside  land  use  change  and  forestry)  are  totalled  for  each  country  using  lPCC-1994 
GWPs,  nine  Patties  projected  increases,  fourof  them  less  than  2  per  cent.  Five  Patties  projected  to  be  below  1990 
levels  by  2(XX).  The  Party  that  did  not  give  figures  for  2(XX)  projected  an  1 1  per  cent  decrease  from  1990  to  2005. 
This  is  based  on  adjusted  figures,  though  the  adjustments  would  have  the  same  effects  as  in  table  1 .  One  of  these 
Parties  would  show  an  increase,  and  another,  approximately  stabilization  instead  of  reductions  and  the  third,  a 
smaller  reduction.  A  comparison  with  inventory  data  is  not  applicable  for  most  Parties  because  either  they  did  not 
make  projections  for  all  gases  reported  in  the  inventories  or  for  all  sources  or  they  used  different  methods. 
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Projected  anthropogenic  emissions  and  removals  of  all  greenhouse  gases'* 
(COjCquivalent  in  Gigagrams,  using  1994  GWPs,  time-horizon  =  100  years)**' 


.,      Data  from  inventory 

.,,              1990  level 

(COj  equivalent  in  Og) 

Data  from 

DToiection 

Variations 

1990  leveP 

(CO,  equivalent 

2000  level 
in  Gg) 

from  projection    . 
(Percentage) 

Australia 
Austria 

596  728 
75  567 

596  752 
-  74  600 

635  414  . 
-  81  886  * 

6.5 
-  9.7 

Cana<ia 

564  523 

504  542 

558  757  * 

10.7 

Czech  Republic 

202  581 

176  548 

145  256 

-17.7 

Denmaitc 

62  813 

69  165 

63  621 

-8.0 

Germany 

1  218  374 

1  256  500 

- 

Japan 

1  132  607 

1  132  650 

-  1  153  336 

-  1.8 

Netherlands 

213  257 

219  690 

206  463 

-6.0 

New  Zealand 

63  997 

59  764 

52  041 

-12.9 

Norway 

40  395 

52  478 

54  790  * 

4.4 

Spain 

337  030 

222  908 

276  523  * 

24.1 

Sweden 

41371 

40  383 

46  440 

15.0 

Switzerland 

54  640 

47  194 

45  267 

-4.1 

UK 

732  979 

-  738  453 

-  695  353 

-  -5.8 

USA 

5  402  784 

5  473  271 

5440  225 

-0.6 

"  Figufci  Crom  Uble<  I  to  S  have  been  used  m  the  lUfting  point  for  these  protectioai.    Only  gates  and  sources  snd  rcmovsls  Ihsl  were 

projected  are  included. 
"  Figures  difler  bom  those  in  the  comraunlcsliofu  where  countries  did  not  use  IPCC-1994  GWPt  (time-horizon  100  yesrs). 
"  Major  diflereoces  between  inventory  figures  and  projection  figures  for  1990  reflect  that  projeclioas  were  not  given  for  all  gsses 

repotted  in  the  inventories  or  for  all  sectors,  nor  that  temperature  or  electricity  imporu  adjustments  had  been  taken  into  sccount. 
*  Projection  for  laid  use  change  and  forestry  not  provided. 

Comments 

When  available  data  for  land  use  diange  and  forestry  are  aggregated  with  other  reported  emission  data,  seven 
Parties  projected  to  be  below  1990  levels  by  2(X)0.  The  Party  that  did  not  give  Rguies  for  "21000  projected  an  1 1 
per  cent  decrease  from  1990  to  200S.  Seven  Parties  projected  increases.  This  is  based  on  adjtisted  figures,  though 
the  adjtistments  wotild  have  the  same  effects  as  in  table  6.  A  comparison  with  inventory  data  is  not  applicable  for 
most  Parties  because  either  they  did  not  make  projections  for  all  gases  tepotted  in  the  inventories  or  for  all  sources 
and  sinks  or  they  used  different  methods. 


I.   Ol^lBfil  -; 
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136.  Seven  Parties  provided  projections  for  NO,,  NMVOC  and  CO,  one  for  the  first  two, 
and  another  for  2005  only.   These  projections  decreased  from  15  to  more  than  50  per  cent. 

137.  Nine  Parties  provided  projections  by  sector,  four  for  CO2  only  and  one  for  only  CH4, 
N2O  and  precursors  for  2005.    For  seven  Parties,  CO^  emissions  from  transport  increased. 
Other  trends  were  not  evident  owing  to  non-comparable  or  non-transparent  data. 

138.  Seven  Parties  provided  projections,  some  in  the  form  of  a  graph,  for  years  prior  to  . 
2000.   In  one  projection  the  aggregated  figure  for  all  emissions  and  removals  increased  until 
1997  before  returning  to  the  1990  level  in  2000.   For  a  Party  with  its  economy  in  transition, 
the  baseline  CO2  emissions  declined  until  1994  and  then  started  to  rise  again.   Others  showed 
a  smoother  progression  to  their  2000  levels,  while  some  of  them  were  stable  until  1995, 
increasing  thereafter. 

139.  Post-2000  scenarios  for  10  Parties  were  provided  for  CO2  emissions,  three 
communications  projected  figures  for  CO2  sources  and  sinks  together,  five  gave  CH,  and  N2O 
projections,  four  projected  other  gases  and  three  used  GWPs.    With  respect  to  CO2 
emissions,  six  countries  reported  growth  after  2000,  one  country  reported  a  decrease  and 
three  countries  reported  possible  increases  or  decreases  under  different  scenarios. 

C.     BIstimate  of  the  total  effects  of  policies  and  measures 
on  greenhouse  gas  emissions  and  removals 

140.  Article  12  requires  each  Party  to  provide  a  specific  estimate  of  the  effects  that  its 
policies  and  measures  will  have  on  anthropogenic  emissions  by  its  sources  and  removals  by 
its  sinks.    According  to  the  guidelines  a  specific  estimate  of  total  effects  should,  to  the  extent 
possible,  take  into  account  all  policies  and  measures  implemented  or  committed  to  since  the 
base  year.   This  requirement  has  been  implemented  in  different  ways.  .All  Parties 
represented  total  effects  of  policies  and  measures  in  their  "with  measures"  projections  for 
emissions  of  various  gases  and  removals  by  sinks.    Nine  Parties  gave  separate  quantitative 
estimates  for  the  total  effects  of  policies  and  measures  for  CO2  emissions;    some  also  gave 
figures  for  emissions  of  other  gases  and  removals  by  sinks.  " 

141.  Some  Parties  adopted  an  aggregate  approach  and  gave  estimated  effects  of  groups  of 
policies  and  measures.    Others  also  gave  detailed  information  on  their  policies  and  measures 
and  then  aggregated  them,  taking  into  account  overlaps  and  synergies.    Yet  other  Parties 
gave  estimate^^for  some  policies  and  measures,  but  did  not  give  figures  for  the  total.    Most 
Parties  reported  major  methodological  problems  related  to  such  estimates.    Some  Parties 
made  qualitative  statements  to  address  the  issue,  which  was  sometimes  seen  as  the  only 
possible  way  to  respond.    Only  a  few  documented  the  methods  used. 
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142.  The  range  of  reported  estimates  of  total  effects  in  2000  was  wide,  reductions  of      •-; 
between  4  and  20  per  cent  from  baseline  scenarios  for  COj  and  wider  for  other  gases,     '  "'"^ 
reflecting  differences  in  policies,  national  circumstances  and  approaches  to  the  estimates. 
Owing  to  the  heterogeiieous  character  of  their  information,  the  secretariat  has  been  unable  to 
present  it  in  tables.'  '  '-' 

143.  In  general,  most  of  the  Parties  focused  on  measures  induced  by  government  policies. 
To  a  limit^  extent,  they  elaborated  on  the  effects  of  actions  by  individuals  or  organizations" 
that  were  not  induced  by  policies.    One  Party,  for  which  energy  conservation  generated  the 
bulk  of  estimated  CO2  reductions,  said  that  "no  distinction  can  be  made  between  policy- 
induced  and  autonomous  effects  on  energy  conservation".    Consequently,  their  estimate  of 
the  effects  of  these  policies  and  measures  was  the  difference  between  projections  with  and 
without  energy  conservation. 

144.  When  giving  their  estimates,  several  Parties  did  not  distinguish  between  policies  and 
measures  implemented  or  committed  to  before  and  after  1990.   Some  included  policies  and 
measures  implemented  in  the  1990s  in  their  baseline,  while  others  included  in  their  effect 
figures,  policies  and  measures  implemented  earlier. 

D.   Summary  conclusions 

145.  The  15  Parties  made  considerable  efforts  to  communicate  projections  according  to  the 
Convention  and  the  guidelines.    In  most  cases  where  the  guidelines  used  the  words  "should" 
and  "encouraged",  information  was  provided.    However,  only  nine  of  the  Parties  gave 
estimates  of  the  total  effects  of  policies  and  measures,  often  described  as  very  uncertain. 
Where  information  was  not  given,  this  was  often  due  to  lack  of  adequate  methods  in  the 
reporting  country. 

146.  The  "with  measures"  projections  reveal  a  different  pattern  for  COj  emissions  than  for 
emissions  of  other  gases.    The  following  analysis  compares  projected  figures  for  2000 
with  the  1990  flgures  used  in  developing  the  projections  (three  of  which  included 
"adjustments")  rather  than  with  the  1990  inventory  figures,  since  the  projections  were 
derived  from  the  former. 

-\r.  . 

147.  ^For  COj  emissions  (excluding  land  use  change  and  forestry)  (table  1),  nine  Parties 
projected  an 'increase  to  the  year  2000  in  the  absence  of  additional  measures.    Five  Parties 
projected  stabilization  or  a  decrease  for  2000.    Another  Party  projected  only  a  decrease  for 
2005.   Seven' Parties  projected  increased  "net"  CO2  removals  from  the  land  use  change  and 
forestry  sector  for  2000;  two  Parties  projected  stable  removals  and  one  Party,  decreasing 
removals.    (The  mjiin  effect  of  adjustments  is  shown  in  table  1.) 
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148.  For  CH4  (table  3),  all  but  two  Parties  projected  decreases,  despite  the  fact  that,  in 
relative  terms,  Parties  focused  less  attention  on  policies  to  address  CH,.   No  clear  picture 
emerges  for  NjO  (table  4).   Few  Parties  provided  projections  of  other  gases  (table  5),  but  for 
those  that  did,  emissions  of  PFCs  were  decreasing,  while  emissions  of  HFCs  were 
increasing.    If  IPCC-1994  GWP  values  are  used  to  aggregate  the  emission  data  for  all  gases, 
projected  emission  levels  in  2000  were  below  1990  levels  for  five  Parties  and  above  for  nine 
Parties  (table  6).     One  Party  projected  a  decrease  to  2(X)5.    For  three  of  the  Parties  whose 
emissions  were  projected  to  grow,  the  increase  was  less  than  2  per  cent.   If  CO2  removals 
are  included  (table  7),  then  seven  Parties  project  decreases  on  a  CO2  equivalent  basis. 

149.  In  due  time,  it  will  be  possible  to  assess  the  achievement  of  the  aim  of  returning 
emissions  to  1990  levels  by  2(XX)  by  comparing  the  inventory  figures  for  those  two  years.    At 
present,  a  comparison  of  CO2  emission  projections  for  2{XX)  with  inventories  for  1990 
suggests  a  somewhat  greater  need  for  additional  measures  than  that  indicated  by  the  above 
analysis. 

150.  The  projected  emission  levels  in  2(XX)  should  not  be  seen  as  absolute  predictions. 
They  were  developed  on  the  basis  of  a  variety  of  assumptions  and  inputs,  including  with 
regard  to  which  policies  and  measures  were  taken  into  consideration.    Many  Parties 
acknowledged  that  additional  policies  and  measures  would  have  to  be  implemented  for  them 
to  return  their  emissions  in  20(X)  to  1990  levels.   They  indicated  that  policies  and  measures 
that  would  result  in  additional  emission  reductions  were  under  preparation  or  implementation. 


Vn.    FINANCE,  TECHNOLOGY  AND  CAPACITY  BUILDING 

151.  In  accordance  with  Article  12.3  and  the  guidelirtes,  all  14  Annex  II  Parties  that 
submitted  communications  reported  on  actions  to  meet  the  obligations  contained  in  Article 
4.3,  4.4  and  4.5,  although  the  level  and  breadth  of  coverage  varied  considerably. 

152.  On  the  basis  of  the  information  provided,  it  has  been  difficult  to  draw  clear 
conclusions  about  the  nature  and  level  of  contributions  and  the  assistance  provided  by  Annex 
II  Parties  to  developing  country  Parties  for  the  purpose  of  implementing  the  Convention. 
The  information  was  not  comparable  in  terms  of  figures  provided  and  time-frames  of 
reported  expenditures.    A  distinction  was  not  always  drawn  between  activities  undertaken 
before  and  after  adoption  of  the  Convention.   Finally,  descriptions  of  many  activities  were 
reported  only  as  "environmental",  reflecting  the  difficulty  in  isolating  climate  change 
mitigation  or  adaptation  activities  from  broader  questions  of  sustainable  development.    As  a 
result,  it  has  been  difficult  to  aggregate  data  or  to  present  summary  tables. 
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A.   Financial  mechanism 

153.  Article  21  designates  the  GEF  as  the  entity  entrusted  with  the  operation  of  the 
financial  mechanism  on  an  interim  basis.    The  guidelines  request  Annex  II  Parties  to  provide 
information  on  contributions  to  the  operating  entity  or  entities  of  the  financial  mechanism. 

154.  Eleven  of  the  Parties  that  contributed  to  the  pilot  phase  of  the  GEF  reported  on  these 
contributions.    Two  Parties  did  not  mention  their  contributions  although  they  were 
contributors.    One  Party  indicated  that  it  did  not  contribute  to  the  pilot  phase.   The  figures 
reported  in  the  national  communications  are  not  presented  here  because  of  ambiguities  in 
time  periods  and  because  it  was  not  always  specified  whether  figures  included  core  and/or 
cofinancing  and  parallel  contributions.    In  general,  however,  the  figures  reported  for  each 
country  appear  consistent  with  the  figures  published  by  the  GEF  secretariat  (see  table  8). 
Contributions  from  the  reporting  Parties  constitute  68  per  cent  of  total  pilot  phase  funding. 


Table  8.       Contributions  to  the  GEF  from  reporting  Parties 
(for  all  focal  areas) 


Pilot  Dhase 

Reolenished  GEF  fl994-1997^ 

(millions  US$) 

(millions  SDR) 

(millions  US$) 

Australia 

21.3  "" 

20.8 

29.2 

Austria 

34.5  •' 

14.3 

20.0 

Canada 

18.3  " 

61.8 

86.5 

Denmark 

22.8  " 

25.1 

35.1 

Germany 

142.4  " 

171.3 

239.8 

Japan 

66.9* 

296.0 

414.3 

Netherlands 

52.8  " 

51.0 

71.4 

New  Zealand 

0.0 

4.0 

5.6 

Norway 

27-<; 

21.9 

30.7 

Spain 

14.  r' 

12.4 

17.3 

Sweden 

25.7" 

41.6 

58.2 

Switzerland 

55.6" 

32.0 

44.8 

UK 

«^-5:; 

96.0 

134.5 

USA 

150.0 

307.0 

429.7 

Source:  G^F  secretariat. 

*'  Core  fund  only. 

*"'  Co-financing/parallel  financing. 

''  Core  fund  and  co-fmancing. 

""  Core  fund  and  co-financing  (grant  equivalent). 

Note 

Contributions  reported  by  the  GEF  in   SDR  have  been  converted  into  US  dollars, 
based  on  average  exchange  rates  for  1  November  1992  to  31  October  1993,  that  is 
1  SDR  =    US$  1.401). 
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155.  With  regard  to  replenishment  of  the  GEF  (1994-1997),  12  of  the  Parties  indicated 
they  had  made,  or  would  make,  contributions  or  pledges.   Two  Parties  did  not  address  this 
matter,  but  the  GEF  secretariat  has  confirmed  that  they  have  pledge  or  made  contributions. 
Figures  in  table  8  are  pledges  or  contributions  as  reported  by  GEF.   The.  funding  from  the 
rqx>rting  Parties  constitutes  82  per  cent  of  the  total  for  the  replenished  GEF. 

156.  It  is  important  to  note  that  only  part  of  the  GEF,  resources  fund  climate  change 
activities.    During  the  pilot  phase,  this  amounted  to  38  per  cent  or  $281.8  million.   There 
has,  as  yet,  been  no  specific  allocation  of  funds  for  climate  change  or  other  focal  areas  in  the 
current  phase  of  the  GEF.   The  initial  planning  of  resource  use  for  1995  makes  some  funding 
allocations  that  incorporate  climate  change  activities  without  separating  these  from  activities 
in  other  focal  areas.    In  this  context,  Article  11.3  (d)  provides  that  the  COP  and  the  entity  or 
entities  entrusted  with  the  operation  of  the  financial  mechanism  shall  agree  upon 
arrangements  to  determine  in  a  predictable  and  identifiable  manner  the  amount  of  funding 
necessary  and  available  for  the  implementation  of  the  Convention  and  the  conditions  under 
which  that  amount  shall  be  periodically  reviewed. 

157.  The  guidelines  request  Parties  to  report  on  actions  to  meet  the  obligation  contained  in 
Article  4.3  to  "provide  new  and  additional  financial  resources"  to  meet  the  costs  specified  in 
that  article.    Approximately  two  thirds  of  the  Parties  mentioned  "new  and  additional", 
"additional"  or  "expanded"  resources.    About  half  of  these  indicated  that  their  contributions 
to  the  GEF  were  new  and  additional  and  should  be  seen  as  fulfilling  this  commitment. 

158.  The  Instrument  for  the  Establishment  of  the  Restructured  GEF  ("the  GEF 
Instrument")  defines  the  facility  as  "a  mechanism  for  international  cooperation  for  the 
purpose  of  providing  new  and  additional  grant  and  concessional  funding"  (emphasis  added). 
By  agreement  of  those  participating  in  the  GEF,  financing  through  the  mechanism  is  to  be 
new  and  additional. 

159.  It  is  difficult  to  draw  conclusions  from  the  communications  with  regard  to  "new  and 
additional".   There  is  no  way  to  confirm  that  resources  described  as  such  are  in  fact  "new 
and  additional"  and  no  agreed  benchmark  against  which  such  verification  could  take  place 
(that  is,  new  as  of  when  or  additional  to  what).    Moreover,  the  fact  that  a  number  of  Parties 
did  not  refer  to  "new  and  additional  resources"  in  their  communications  does  not  mean  that 
their  relevant  financial  resources  could  not  be  regarded  as  such. 
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160.  '  A  report  prepared  for  the  Commission  on  Sustainable  Development  (CSD)  in 
February  1994'  may  shed  some  light  on  the  general  issue 'of'^iidditionality".   It  summarized 
the  current  flows  in  official  development  assistance  (ODA)  ft^'ni^  members  of  the 
Development  Assistance  Committee  (DAC)  of  the  OECD.   Aggregate  ODA  increased  in 
1992  by  6.6  per  cait  in  nominal  terms,  representing  a  small  iharease  in  real  terms. 
Contributions  by  DAC  countries  to  multilateral  agencies 'rosg'by^'19  per  cent,  mainly  owing 
to  higher  contributions  to  the  International  Development  Association  and  the  regional 
development  banks.    Bilateral  aid,  by  contrast,  declined  by  7'p^r^cent  in  real  terms  in  1992. 
Preliminary  analyses  for  1993  indicate  that  ODA  from  DAC  members  declined  from  $60.8 
billion  in  1992  to  $56.0  billion  in  1993,  a  6  per  cent  decline  iri'  real  terms.    Proportionately, 
donors'  contributions  to  multilateral  institutions  fell  more  shafpty'than  their  bilateral 
programmes.   The  decrease  in  bilateral  ODA  was  due  to  a  decline  in  loans,  while  bilateral 
grants  remained  at  the  1992  level.'" 

B.   Financial  resources  through  bilateral,  regional 
and  other  multilateraL'chaniiftk      ' 

161.  In  addition  to  the  financial  mechanism,  bilatehQ,  regional  and  other  multilateral 
channels  may  be  used  to  transfer  resources  firom  Armex  n  Parties  to  developing  country 
Parties  for  the  implementation  of  the  Convention  (Article  11.5).   The  guidelines  request 
Annex  n  Parties  to  rqx)rt  on  these  financial  flows,  specifying  whether  such  resources  are 
related  to  mitigation  or  adaptation. 

Bilateral  channels 

162.  All  but  one  of  the  communications  rqx>rted  on  bilateral  activities,  and  about  two 
thirds  had  a  specific  section  on  the  subject.   The  themes  most  commonly  mentioned  were 
energy,  capacity  building,  transfer  of  technology,  adaptation,  'forestry  and  research.    In  this 
context,  the  following  sectors  were  mentioned  frequently: 

(a)       Twelve  Parties  described  bilateral  activities  in  renewable  energy  (for  example, 
hydro,  biomass,  photovoltaic/solar  systems  and  wind)  and  generation  with  low  carbon  fuels; 


'FuuncUl  reioufce*  and  mechanisms  for  susuinable  devdopmem:  overview  of  cutrent  itsuei  ind  developments', 
E/CN.I7/ISWG. 11/1994/2,  22  Febnury  1994. 

Trends  in  volume  ind  allocations  of  Oflicial  Development  AssisUnce,  OECO/DAC  Chaimun'i  Repoit,  October  1994,  p.  78. 
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(b)  Ten  reported  on  activities  related  to  energy  efficiency  (for  example,  upgrading 
electricity  transmission  lines,  energy  demand  side  management  and  restructuring  of  the 
electricity  market  (prices,  subsidies,  and  so  forth)); 

(c)  Ten  reported  on  forestry  activities,  about  half  of  which  addressed, forest 
management;  some  mentioned  sink  enhancement  and  afforestation; 

(d)  Nine  mentioned  activities  in  energy  planning;  and 

(e)  Seven  rqx)rted  on  activities  related  to  climate  change  research  including 
sealevel  rise,  monitoring,  meteorological  assistance,  CH4  emissions  and  forestry. 

Regional  channels 

163.  The  discussion  of  regional  channels  was  limited.   About  half  of  the  communications 
referred  to  activities  implemented  through  regional  organizations  (such  as  the  regional 
development  banks,  the  South  Pacific  Regional  Environment  Programme,  the  Organization  of 
Eastern  Caribbean  States,  or  the  Association  of  South  East  Asian  Nations)  or  where 
participation  in  an  activity  was  region-wide.    Most  activities  concerned  capacity  building 
such  as  seminars  and/or  studies  on  climate  change  issues,  emissions  inventories,  evaluation 
of  impacts  and  strategic  analysis  of  response  options.    Research  activities  were  also  noted. 

Other  multilateral  channels 

164.  Twelve  Parties  discussed  activities  that  they  characterized  as  multilateral. .  The  most 
common  examples  cited  related  to  contributions  to  the  Committee  trust  funds  (see 
A/AC.237/80)  and  to  the  IPCC  to  support  these  two  processes,  including  funding  for  the 
participation  of  developing  countries.    Other  activities  mentioned  included: 

Contributions  to  activities  under  the  Tropical  Forestry  Action  Programme  and 
to  the  International  Tropical  Timber  Organization 

Support  for  the  lEA/OECD  GREENTIE  programme 

Support  through  the  South  Pacific  Regional  Environment  Programme  for 
national  participation  in  multilateral  negotiations 

References  to  the  role  of  multilateral  development  banks 
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Support  to  the  International  Center  for  Agroforestry  and  the  Center  for 
International  Forest  Research  :;;•:.;• 

Support  for  technology-related  activities  under  die'  United  Nations  Industrial 
Development  Organization  '      -^  :'01  i'rAiW:  ^i. 

^..■^  {,■<-■  .'<[,:<  -..:  ,;jib- 

Support  for  ongoing  UNEP  and  WMO  prograinnies   ''■ 
C.   Transfer  of  techh'oldgv''".  ■'!''^.  >a". 

165.  Article  4.5  addresses  the  transfer  of,  and  access'-lb,  technologies  and  know-how.   The 
guidelines  request  Annex  II  Parties  to  submit  information,  particularly  with  regard  to 
technology  transfer  or  access,  with  a  delineation  betweenPgb^eriimental  and  private  sector 
initiatives.  >tQ3C'  ,-•::•  ■>:    ^ 

166.  The  references  to  technology  transfer  tended  tbtefle<it''the  current  international 
discussion,  especially  those  in  the  CSD.   These  discussibnS'toitre  on 'mechanisms  to 
facilitate  technology  transfer,  such  as  technology  centres  and  clearing  houses,  joint  ventures 
and  other  types  of  partnerships,  and  on  terms  and  levels  of  financing  and  investment. 

167.  Nine  communications  made  some  reference  to  this  issue.  'Mjiny  discussed  the 
approach  to  technology  transfer  and  some  gave  examples  of -bngbing  projects.    Specific 
examples  of  activities  were  discussed  mostly  within  the  framework  of  bilateral  cooperation. 
The  areas  of  activity  mentioned  included  the'energy  sector  (developing  and  applying 
technology  to  coal  plants  or  renewable  energy  sources  and  to  improving  energy  efficiency), 
technology  for  observation  and  assessment  in  meteorology  and  climatology,  and  technology 
related  to  forest  conservation  and  afforestation.    A  few  communications  discussed  efforts  to 
establish  information-sharing  facilities  in  order  to  provide  information  on  the  availability  of, 
and  access  to,  technology,  one  with  the  explicit  intent  of  linking  demand  with  supply  in  the 
private  sector. 

168.  •'■'The  role  of  the  private  sector  in  technology  transfer  was  discussed  in  five 
communications.   The  need  to  create  partnerships  between  the  public  and  private  sectors  was 
also  mentioned  (for  example,  technologies  being  promoted  through  credit  for  investments). 

''  '''■  ■'"  D.   Adaptation 

169.  Article  4  includes  commitments  relating  to  cooperation  in  preparing  for  adaptation  and 
assistance  in  meeting  the  costs  of  adaptation.    Six  Parties  addressed,  either  explicitly  or 
implicitly,  cooperation  with  developing  countries  relating  to  adaptation  and  vulnerability 
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assessment,  some  referring  to  these  as  elements  of  their  development  assistance  or 
international  climate  cooperation  programmes. 

170.  The  bulk  of  the  discussion  of  adaptation  and  vulnerability  assessment  related  to 
specific  bilateral  projects  which  focused  on  activities  that  could  be  characterized  for  the  most 
part  as  preparatory  studies  or  capacity  building.    The  following  areas  of  activity  were  most 
commonly  mentioned:    studies  of  vulnerability  assessment  or  potential  impacts,  including  the 
assessment  of  policy  options  for  adaptation;   studies  of  sealevel  rise;    development  of  coastal 
zone  management  plans,  and  meteorological  service  capacity  building. 

E.   Capacity  building 

171.  Article  4.5  refers  to  the  development  and  enhancement  of  endogenous  capacities  of 
developing  countries.    Moreover,  capacity  building  has  been  identified  as  the  first 
programme  priority  recommended  by  the  Committee  for  the  financial  mechanism.    Most  of 
the  national  communications  addressed  this  issue,  either  through  explicit  references  or  by 
describing  bilateral  projects  that  can  be  considered  as  capacity  building  activities.   The 
following  are  noteworthy: 

(a)  Two  thirds  of  the  communications  reported  on  support  for  country  studies, 
including  the  development  of  inventories,  the  identification  of  mitigation  and  adaptation 
response  options,  and  the  development  of  plans  and  strategies; 

(b)  About  half  referred  to  general  and/or  managerial  training  activities  in  relation 
to  energy,  forestry,  climate  change  impacts,  technology  and  meteorology; 

(c)  About  one  third  mentioned  efforts  to  strengthen  research  capacities,  including 
exchanges,  funding  and  joint  research  efforts  and  a  similar  number  referred  to  capacity 
building  activities  directed  at  meteorological  services,  including  meteorology  and 
climatology;  and 

(d)  About  one  third  referred  to  institution  building,  including  the  development  of 
legislation  and  regulations. 

172.     There  were  few  references  to  capacity  building  at  the  multilateral  level.   One 
communication  referred  to  the  role  of  the  GEF  in  this  regard,  one  highlighted  the  role  of  the 
multilateral  development  banks,  and  one  noted  support  for  WMO  activities. 
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F.    Assistance  to  countries  with  economies  in  transition 

173.  Article  4.3  and  4.4  relates  to  the  provision  of  financial  resources  to  developing 
country  Parties.    Nevertheless,  eight  Parties  also  reported  on  bilateral  and  multilateral 
assistance  to  countries  with  economies  in  transition.  These  efforts  appeared,  at  least  in  part, 
to  be  relevant  to  the  implementation  of  Article  4.5. 

174.  Many  of  the  activities  reported  encompass  elements  relating  to  technology  transfer, 
assessment  studies  or  capacity  building.    Key  sectors  mentioned  were:    energy  efficiency 
(subsectors:  transportation,  housing);   country  studies  and  inventories;    policy  formulation 
and  planning;  conversion  of  power  plants  to  more  efficient  technologies;  and  the  promotion 
of  increased  utilization  of  renewable  energy  sources.    Some  communications  also  reported  on 
efforts  to  mobilize  resources  through  credits  or  feasibility  studies  for  joint  ventures. 

G.   Summary  conclusions 

175.  All  Annex  n  Parties  that  submitted  national  communications  have  made  commitments 
to  contribute  to  the  replenished  GEF.   The  level  of  "new  and  additional"  resources,  however, 
cannot  be  determined  on  the  basis  of  the  communications  as  there  is  no  agreed  benchmark 
against  which  to  measure  this.    Although  financing  through  the  GEF  is  defined  in  the  GEF 
Instrument  as  "new  and  additional",  only  a  few  communications  indicated  explicitly  that  their 
contributions  to  the  GEF  were  new  and  additional. 

176.  All  Annex  II  Parties  reported  on  some  activities  implemented  through  bilateral, 
regional  or  multilateral  channels.    It  was  not  possible  to  aggregate  the  reported  resource 
flows  because  of  lack  of  comparable  data.   Much  effort  was  reported  on  capacity  building, 
especially  as  regards  country  studies,  inventories,  observation  and  monitoring.    With  regard 
to  adaptation  and  vulnerability  assessment,  most  of  the  activities  could  be  characterized  as 
preparatory  studies. 

177.  The  discussion  on  technology  transfer  centred  on  the  approach  to  technology  transfer, 
the  access  to  information  and  technology,  and  to  mechanisms  for  transfer.    Discussion  of 
specific  activities  was  limited.    Little  information  was  provided  regarding  predicted  and 
identifiable  resource  allocations,  either  bilaterally  or  in  the  context  of  the  financial 
mechanism,  (Article  11.3(d)) 
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Vra.   IMPLEMENTATION  OF  OTHER  COMMITMENTS 
AND  RELATED  ISSUES 

A.   Expected  impacts  of  climate  change,  vulnerability  assessment  and  adapfatinn 

Expected  impacts  of  climate  change  and  vulnerability  assessment  '' 

178.  Addressing  commitments  under  Article  4.1(b)  and  (e),  all  but  one  national 
communication  discussed,  in  varying  detail,  the  vulnerability  of  ecosystems,  economic 
sectors  and  society  and  the  expected  impacts  of  climate  change  thereon."   The 
communications  generally  treated  the  expected  impacts  of  climate  change  and  vulnerability  to 
climate  change  as  a  single  issue. 

179.  Nine  communications  included  information  on  a  national  climate  change  scenario 
(derived  from  existing  models)  which  was  used  as  a  basis  for  assessing  potential  impacts  and 
vulnerability.   The  uncertainties  regarding  the  scenarios  were  noted,  particularly  the 
inadequacy  of  global  models  for  predicting  regional  or  national  climate  change.   Different 
time-scales  and  key  assumptions  were  used  to  predict  possible  temperature  increases.    The 
greatest  uncertainties  existed  with  regard  to  predictions  of  possible  changes  in  precipitation. 

180.  Uncertainties  with  regard  to  the  predictions  of  climate  change  were  mentioned  as  a 
fundamental  problem  in  assessing  possible  impacts  of  climate  change  and  the  consequent 
vulnerability  of  ecosystems,  sectors  of  the  economy  and  society.    It  was  emphasized  that 
improving  the  predictions  of  national  or  regional  climate  change  was  the  essential  first  step. 
In  addition,  many  communications  mentioned  that  impacts  and  vulnerability  were  difficult  to 
assess  due  to  the  complexity  of  the  systems  and  the  interdictions  among  several  factors.    All 
but  one  of  the  Parties  mentioned  that  research  was  being  undertaken  to  improve  knowledge 
of  the  climate  system  and  the  impacts  of  climate  change  in  a  variety  of  sectors. 

181.  In  most  cases  the  expected  impacts  and  vulnerability  were  described  qualitatively,  but 
one  national  communication  estimated  the  impacts  and  vulnerability  in  terms  of  extra  costs 
that  would  be  incurred  to  cope  with  the  impacts  or  in  terms  of  damage  costs. 

182.  Coagtal  zones  and  agriculture  were  mentioned  frequently  in  the  discussions  on  ■ 
expected  impacts  and  vulnerability.    Sealevel  rise  and  increased  intensity  and  frequency  of 
extreme  weather  events  could  lead  to  increased  flood  risks,  damage  to  coastal  protection 


' '     -Vulnembilily-  ind  'imiMicf  >fc  defined  >s  in  the  IPCC  Technical  Guidelines  for  Assessing  CUmau  Change  Impacts  and 
Adaptation,  WMO/UNEP,  Geneva,  1994,  p.3. 
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structures,  adverse  effects  on  sea  transport  and  coastal  erosion.    Sea  water  intrusion  could 
also  affect  water  supplies  and  agriculture  in  coastal  areas.   Temperature  and  precipitation 
changes  would  affect  soil  processes  and  moisture,  including  availability  of  nutrients  which 
could  adversely  affect  crop  quality  and  quantity.   Carbon  dioxide  increase  may  be  beneficial 
for  some  crop  species. 

183.  Several  communications  also  mentioned  expected  impacts  on  and  vulnerability  of 
forests,  animal  and  plant  species,  biological  diversity,  hydrological  balance,  energy 
consumption  and  hydropower  and  water  supply.   The  frequent  discussions  of  health  focusai 
on,  inter  alia,  the  types,  distribution  and  number  of  pathogens  and  vectors  resulting  in 
possible  adverse  effects  on  humans,  animals  and  plants. 

Adaptation  measures 

184.  All  Parties  but  one  included  some  discussion  of  adaptation  measures.    Several 
mentioned  the  constraints  imposed  by  of  uncertainties  with  regard  to  the  magnitude,  timing 
and  regional  distribution  of  climate  change,  as  well  as  the  potential  impacts  of  those  changes. 
Eight  communications  reported  on  research  to  reduce  the  uncertainties  so  that  appropriate 
and  targeted  adaptation  strategies  and  measures  could  be  developed.   In  some  cases,  such 
research  is  an  integral  part  of  adaptation  strategy  development.    (Information  regarding 
assistance  to  developing  countries  in  the  field  of  adaptation  (Article  4.4)  is  included  in 
paragraphs  169-170  above.    Other  activities  related  to  cooperation  in  preparing  for  adaptation 
(Article  4.1(e))  were  not  explicitly  addressed  in  the  communications). 

185.  Five  Parties  mentioned  adaptation  measures  other  than  research  that  are  already  being 
implemented  or  are  being  developed,  such  as:   the  modification  of  construction  design  codes 
to  adapt  to  new  climatic  factors;  investment  in  artificial  snow-making  and  diversification  of 
recreational  activities  in  ski  resorts;  the  taking  into  account  of  possible  sealevel  rise  and 
increased  weather  extremes  in  coastal  zone  planning  and  management,  including  coastal 
defence  construction,  and  basin-wide  management  of  water  reservoirs. 

186.  Approximately  half  of  the  communications  mentioned  possible  adaptation  measures  to 
be  considered  in  the  fiiture,  including  changes  in  urban  structure,  flushing  of  coastal  areas 
with  freshwater  to  prevent  salt  water  intrusion,  systematic  supply  of  sand  to  eroding  beaches, 
rescue  of  competitively  weak  species  in  natural  ecosystems  through  frozen  storage  of  seeds, 
and  implemer\tation  of  improved  farming  practices  and  use  of  better  adapted  crop  species. 

•■c,(iti:.:  ,    . 

187.  Improved  ^forestry  and  wildlife  management  and  modem  support  systems  were 
mentioned  as  measures  that,  while  not  directly  targeting  adaptation  to  climate  change,  will 
facilitate  adaptation  in  the  future.    Four  communications  referred  to  such  measures. 
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B.   Research  and  systematic  observation 

188.  Pursuant  to  Articles  4.1(g)  and  5,  all  Parties  reported  on  research  and  systematic 
observation  activities  although  the  depth,  coverage  and  level  of  detail  varied  widely. 

189.  Research  in  most  countries  is  carried  out  primarily  in  government  and  recognized 
scientific  establishments,  including  universities  and  other  academic  research  institutions. 
There  was  limited  reference  to  research  being  carried  out  by  the  industrial  sector,  although 
this  could  be  implied  from  the  extensive  studies  being  carried  out,  particularly  in  the  fields  of 
energy  production,  transformation  and  use,  and  transportation. 

190.  The  most  common  areas  of  research  included  the  climate  system,  modelling  including 
global  circulation  models,  greenhouse  gases  and  their  effects  on  the  climate  system,  sources 
and  sinks  of  greenhouse  gases  with  particular  reference  to  energy  production  and  use, 
agriculture,  forestry  and  the  oceans.    There  was  one  mention  of  climate  change  detection. 
(Research  into  the  impacts  of  climate  change  is  addressed  in  paragraphs  178-183  above  while 
paragraphs  109-113  describe  technology  R&D  efforts  and  socio-econoriiic  research.) 

191.  The  scope  of  most  research  activities  is  largely  national  although  all  countries 
participate  in  international  research  efforts  to  a  greater  or  lesser  extent.   These  include  active 
participation  in  the  work  of  the  IPCC,  and  related  projects,  the  Intematidhal  Geosphere- 
Biosphere  Programme  and  the  Man  and  the  Biosphere  programme  and  the  joint  research  for 
the  Global  Oceans  Observation  System  (GOOS),  among  many  others.       ■■ 

192.  Many  communications  mentioned  the  importance  of  atmospheric,  terrestrial  and 
oceanic  observation  and  monitoring  networks,  although  in  some  cases  not  all  three  areas. 
National  services  participating  in  systematic  observation  and  monitoring  activities,  where 
mentioned,  varied  from  country  to  country  and  included  meteorological  and  hydrological 
services  and  oceanographic  services  as  well  as  universities  and  other  research  institutions. 

_A11  countries  participated  in  international  observation  and  monitoring  programmes,  including 
the  Worid  Weather  Watch  of  WMO,  the  Global  Climate  Observing  System,  the  Global 
Atmosphere  Watch  and  GOOS,  among  others.    Several  made  specific  mention  of  satellite 
observations.    Most  countries  mentioned  data  collection  and  archiving  activities,  including 
involvement  with  International  (World)  Data  Centres. 

193.  The  sections  of  the  national  communications  relating  to  research  referred,  in  a  limited 
number  of  cases,  to  cooperation  with  developing  countries  to  improve  endogenous  capacities 
and  capabilities  tc(T)articipate  in  research  and  systematic  observation  activities.    This 
cooperation  took  the  form  of  funding  for  research,  for  participation  in  meetings,  and  for 
collaboration  among  scientists,  in  addition  to  some  joint  research  projects. 
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194.  A  number  of  countries  mentioned  expenditures  on  research  activities  but  in  general 
these  were  not  compatible  between  countries  and  could  not  be  aggregated. 

C.    Ekiucation.  training  and  public  awareness 

195.  Pursuant  to  commitments  under  Articles  4.1(i)  and  6,  the  issues  of  public  awareness, 
information  dissemination,  education,  training  and  public  participation  were,  in  general,  well 
documented.  All  Parties  discussed  these  topics,  and  almost  all  of  them  reported  on  this  issue 
under  a  separate  heading  or  as  a  specific  item,  indicating  that  some  priority  is  attached  to  this 
comnutment.   Most  communications  provided  an  extensive  account  of  the  initiatives 
undertaken  in  this  area  while  the  others  described  only  a  few  specific  projects  to  illustrate  a 
general  programme.    (Public  education  campaigns  designed  to  limit  emissions  are  also 
referenced  in  section  V  above.    Matters  related  to  education  and  public  awareness  at  the 
international  level  (Article  6(b))  are  discussed  in  section  VII  above.) 

196.  Initiatives  taken  to  incorporate  scientific,  policy  and  practical  dimensions  of  climate 
change  into  the  education  process  were  reported  in  the  area  of  formal  education,  at  primary 
school,  secondary  school  and  university  levels,  in  13  communications.    Primary  and 
secondary  schools  were  the  main  targets,  generally  through  curricula  reform  and  periodic 
mailings  of  teaching  material  to  schools.    A  number  of  these  undertakings,  however^  referred 
to  general  environmental  information,  of  which  only  a  part  was  related  to  climate  cH^ge. 

197.  Twelve  countries  reported  on  training  activities  undertaken.    Frequently  mentioned 
were  programmes  providing  technical  training  (for  the  most  part  on  energy  efficiency)  to 
architects,  caretakers,  maintenance  personnel  and  drivers.    Accounts  of  managerial  and  ^ 
scientific  training  were  less  frequent.    Training  programmes  were  usually  designed  directly 
for  practitioners,  although  in  a  few  cases,  "train  the  trainer"  programmes  were  mentioned. 

198.  The  material  in  the  communications  relating  to  public  awareness  focused  on 
campaigns  to  provide  information  on  the  effects  of  climate  change,  to  promote  the  social 
acceptability  of  policies  to  reduce  emissions  and  to  encourage  voluntary  action.   The  majority 
of  the  information  campaigns  described  were  aimed  at  the  general  public,  although  a  number 
did  focus  on  specific  groups,  such  as  motor  vehicle  users,  households,  local  authorities  or 
farmers.    Most  campaigns  were  run  by  Governments,  usually  under  the  auspices  of 
environment  ministries.    In  a  minority  of  cases  non-governmental  organizations,  local 
authorities  and  utilities  were  reported  to  have  organized  independent  campaigns.   The  themes 
of  the  campaigns  centred  mostly  on  the  promotion  of  energy-efficient  behaviour  and  the 
reduction  of  GO^  emissions.    Other  areas  of  focus  included  the  effects  of  climate  change,  the 
promotion  of  renewable  energy  resources  and  the  protection  of  forests.    The  tools  used  most 
often  were  pamphlets,  brochures  and  newsletters,  although  many  other  instruments  were 
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mentioned,  such  as  television  and  radio  broadcasting,  advice  centres,  telephone  line  services, 
fairs,  seminars  and  billboard  advertisements. 

199.  With  regard  to  public  participation,  nearly  three  quarters  of  the  communications 
described  expliciUy  the  process  leading  to  the  formulation  of  a  national  strategy  or  action 
plan  to  combat  climate  change.   Most  of  these  mentioned  that  constituencies  other  than 
government  ministries  and  agencies  were  actively  involved.    Eleven  Parties  provided 
information  on  the  drafting  of  their  national  communications.    Four  Parties  specified  that  a 
major  consultative  process  had  been  undertaken  to  incorporate  the  opinions  of 
non-governmental  organizations,  the  business  community,  local  authorities  and  others. 

200.  Public  participation  in  the  form  of  collaborative  action  and  partnerships  betvk'een  the 
Government  and  oUier  groups  was  described  in  all  the  communications,  although  the  extent 
of  public  involvement  varied  considerably  from  one  communication  to  another.    For 

"example,  one  Party  described  its  entire  programme  to  reduce  emissions  as  grounded  in  a 
partnership  approach,  whereas  another  reported  only  a  few  measures  in  the  national 
programme  illustrating  such  collaboration.    Partnerships  were  most  frequentiy  described  in 
relation  to  business  and  industry. 

201.  Independent  initiatives  of  groups  and  organizations  outside  the  public  sector  were 
reported  less  frequentiy  than  the  partnerships  discussed  in  the  previous  paragraph.    Most 
schemes  described  were  launched  by  the  business  community,  although  local  authorities  and 
non-governmental  organizations  also  played  an  important  role. 

D.   Integrating  climate  change  considerations  into  policies  and  the  identification  and 
review  of  policies  and  measures  leading  to  greater  levels  of  emissions 

202.  With  regard  to  commitments  under  Article  4.1(f),  10  communications  made  explicit, 
albeit  brief,  reference  to  climate  change  considerations  in  the  context  of  social  policies  (for 
example,  improvements  in  education  and  training,  research  into  the  socio-economic  impact  of 
climate  change  and  health-related  issues).    Explicit  mention  of  the  incorporation  of  climate 
change  considerations  into  economic  policies  was  made  in  only  a  few  communications.   In 
all  of  the  communications,  however,  many  of  the  policies  described  to  reduce  emissions 
indicated  that  countries  are  including  such  considerations  in  economic  policy-making.    All 
Parties  mentioned  specifically  Uie  introduction  of  climate  change  considerations  into 
environmental  policies,  in  the  form  of  climate  change  components  of  national  environmental 
plans,  climate  change  strategies  and  plans,  or  the  setting  up  of  processes  and  committees  to 
address  the  issues.    Only  three  Parties  mentioned  expliciUy  environmental  impact  assessment. 
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203.  Under  Article  4.2(e)(ii),  each  Annex  I  Party  is  required  to  "identify  and  periodicallyOr 
review  its  own  policies  and  practices  which  encourage  activities  that  lead  to  greater  levels 'of 
anthropogenic  emissions  of  greenhouse  gases  ...  than  would  otherwise  occur"  (emphasis'^'"  ' 
added).   In  general,  explicit  reference  to  this  article  was  not  made.   Most  communications,- 
however,  did  provide  examples  and  instances  of  changes  in  policies  and  practices  (for 
example,  the -removal  of  subsidies,  changes  in  agricultural  policy  and  land  use  practices  and 
changes  in  tax  structure). 

E;?  Other  issues 

204.  One  communication  -  -  from  a  Party  whose  economy  is  in  transition  -  -  noted  that 
Article  4.6  provides  for  "a  certain  [degrecTof]  flexibility"  when  meeting  its  commitments,  in 
particular  with  reference  to  modifying  its  projections  of  emissions  of  greenhouse  gases  for 
the  year  2000.   The  communication  did  not  include  a  request  for  a  certain  degree  of 
flexibility;  if  such  a  request  were  made,  the 'GOP  would  have  to  consider  the  matter.    No 
communication  sought  special  consideration  under  Article  4. 10. 

205.  Article  4.2  addresses  joint  implementation,  iwhile  the  Guidelines  are  silent  on  this 
issue,  leaving  the  subject  open.   While  recognizing  ithati  the  required  criteria  need  to  be 
decided  upon,  seven  communications  mentioned  "joint  implementation",  with  three  of  these 
discussing  the  subject  in  some  detail,  and  all  but  one^making  a  specific  linkage  to  the 
Convention.   The  controversy  surrounding  the  issue  was  acknowledged,  with  three 
communications  mentioning  that  action  had  been  taken  to  clarify  some  of  the  concepts.    Four 
communications  referred  to  specific  projects  or  "pilot  projects"  under  way,  and  three  others 
mentioned  that  these  were  being  planned.   Two  countries  described  initiatives  that  had 
already  been  taken  with  regard  to  domestic  preparation  to  engage  in  joint  implementation 
ventures  with  foreign  countries. 


rX.   THE  REVIEW  AND  SYNTHESIS  PROCESS 

206.     The  guidelines  for  the  preparation  of  first  communications  from  Annex  I  Parties  are 
quite  demanding  in  terms  of  the  amount  of  information  and  level  of  detail  requested  or 
encouraged.    Parties  made  significant  efforts  to  follow  the  guidelines  while  recognizing  that  it 
many  cases  it  will  take  more  time  and  experience  to  be  able  to  implement  them  fully. 
Nonetheless, Athe  initial  technical  analysis  has  revealed  some  potential  problem  areas  and 
issues  where  further  precision  or  clarification  of  the  guidelines  might  be  useful.   These  relate 
largely  to  enhahding  the  transparency  and  comparability  of  information. 


496 


A/ AG  .237/81 
English 
Page  58 


207.  Time  did  not  permit  the  undertaking  of  a  systematic  review  of  the  guidelines  and  the 
identification  of  potential  improvements  or  of  supplementary  presentational  devices  such  as 
standard  tables,  questionnaires  or  electronic  formats.    The  Committee  may  wish  to  consider 
asking  the  interim  secretariat  to  undertake  such  a  review  and  to  prepare  a  report  on  the 
matter  for  consideration  by  the  Subsidiary  Body  for  Scientific  and  Technological  Advice.   In 
addition  to  enhancing  transparency  and  comparability  generally,  a  review  could  examine 
issues  such  as: 

(a)  Gases  to  be  reported,  definition  of  source/sink  categories,  reporting  of 
removals  and  treatment  of  "adjustments",  such  as  for  climate  variations  and  energy  trade; 

(b)  Providing  more  precision  on  the  type  of  background  and  supporting 
information  to  be  supplied; 

(c)  The  estimation  of  the  effects  of  policies  and  measures,  both  individually  and 
overall; 

(d)  The  level  of  detail  required  for  reporting  on  policies  and  measures  including 
how  the  most  significant  ones  can  be  identified; 

(e)  Additional  reporting  conventions  on  data  presentation,  time  frames  and 
methods  descriptions; 

(Q        Reporting  requirements  with  regard  to  the  characterization  of  new  and 
additions  resources;  and 

(g)       The  inclusion  of  commitments  not  explicitly  addressed  in  the  guidelines. 

208.  Several  of  the  above  issues  will  require  the  further  development  of  methodologies.    In 
this  context,  it  will  be  important  to  work  closely  with  the  IPCC  and  other  relevant  bodies. 

209.  In-depth  reviews  of  the  individual  national  communications  will  continue  through 
1995,  subject  to  confirmation  by  COP  1.   They  will  permit  a  number  of  the  issues  identified 
in  the  body  of  the  present  document  to  be  further  addressed.    In  the  course  of  the  initial 
technical  analysis,  it  was  apparent  that  an  opportunity  to  seek  additional  information  from, 
and  to  discuss  any  problems  with,  officials  from  the  reporting  Governments  would  contribute 
to  better  understanding  of  the  communications  and  to  improved  comparability  of  information.' 
Confirmation  with^Govemments  of  the  information  in  the  database  developed  for  the  review  ■! 
of  policies  and  measures  would  result  in  an  improved  analytical  tool.   This  should  also  result 
in  an  improved-basis  for  the  second  synthesis. 
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Annex 

INVENTORIES  OF  ANTHROPOGENIC  EMISSIONS  AND  REMOVALS  IN  1990: 

TABLES 

General  notes  to  the  tables 

In  some  cases,  the  figures  presented  in  the  tables  do  not  correspond  to  those  found  in 
the  communications.   To  the  extent  possible,  such  cases  are  explained  in  the  notes  to  the 
tables,  with  the  exception  of  differences  resulting  from  rounding  due  to  data  input  and 
processing.    Differences  have  arisen  from  corrections  of  typographical  and  calculation  errors 
or  omissions,  the  incorporation  of  data  communicated  in  the  course  of  the  review  and  the 
presentation  (for  consistency  and  comparative  purposes)  of  subtotals  and  totals  not  provided 
in  the  communications. 

Some  of  the  differences  are  due  to  the  fact  that,  in  order  to  ensure  consistency  and 
comparability  of  results,  the  secretariat  had  to  convert  some  of  the  estimates  reported  so  that 
they  concurred  with  the  guidelines.   Such  changes  included  subtraction  of  emissions  from 
bunker  fuels  and  "electricity  imj>ort  corrections". 

Blanks  in  the  tables  refer  to  either  an  absence  of  quantitative  information  or  to  the 
fact  that  only  qualitative  information  was  provided.   The  interim  secretariat  has  chosen  to 
leave  the  spaces  blank  in  order  not  to  complicate  the  reading  of  the  tables.   The  figure 
"zero"  spears  in  the  tables  only  when  reported  as  such  by  the  Parties. 
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Under  Articles  4  and  12  of  the  Convention.  Parties  are  rcquir^^n  preparA 
national  communications  on  their  implementation  of  liie  Convention.  Guidelines  for 
the  prq>aration  of  national  communications  and  die  pioces:*  for  their  review  were 
agreod  on  by  the  Intcrgovcmmental  Negotiating  Committee  for  a  Frameworic 
Convention  on  Climate  Change,  by  its  decisions  9/2  and  lOA,  and  by  ^e  Conference 
of  the  Parties,  at  its  first  session,  by  its  decisions  2/CP.l  and  3/CP.l  (see- 
KI(:(7(:P/199.'>r7/Add.l).  In  accordance  with  diese  decisions,  a  compilation  and 
synthesis  of  the  first  I  b  national  communications  from  Annex  I  Parties  was  prepared 
(A/AC.237/81). 

Wlieii  icvtcwing  the  implementation  of  die  Convention  by  Parties,  ttie  subsidiaiy 
bodies  and  die  Conference  of  Ute  Paiiies  will  have  diis  report  available  to  them  in 
English  09  well  os  the  summary  of  the  report  in  the  sIa  ofncial  languages  of  the  United 
Nations.  (These  bodies  vflll  also  have  before  them  the  executive  summary  of  die  first 
national  communication  of  the  United  States  of  America  ond  country-specific 
information  dr;)wn  from  a  compilation  and^ndiesis  report  covering  all  countries  that 
have  submitted  national  cnmmimiKitions.) 
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3. 
Summary 

1.  The  in-dq[)th  review  was  carried  out  between  April  and  August  1995  and  included  a  visit 
by  the  team  from  22  to  26  May  1995.  The  team  inrJndwl  experts  from  the  Philippines,  the 
Russian  Federation.  Sweden  and  the  International  Energy  Agency. 

2.  The  team  found  the  national  communication  of  tlie  Uiiilcd  Stales  of  America  to  be 
generally  transparent,  well-documented  and  presented  in  accordance  witli  tlte  rqpurting  guidelines 
established  for  Annex  I  Parties  and  recognized  that  the  author  country  had  put  major  resources 
into  the  preparation  of  the  background  material  for  the  various  sections. 

3.  The  (.Inited  Stales  of  America,  having  the  world's  largest  economy,  is  responsible  for 
Slightly  less  than  one  fourth  of  glohal  rarhon  dioxide  (CCy  emissions  (4520  Ml  C*0  Gg  in  1990) 
and  has  the  highest  emissions  of  COj  per  capita  (20  tons  compared  tn  an  average  of  12  tons  in 
countries  of  tlie  Organisation  for  Economic  Co-operation  and  Development  (OECD),  among  the 
Parties  that  have  submitted  their  communicaiiuiis.   Aitulher  key  factor  Identified  by  the  team  was 
the  fact  that  low  energy  prices  in  the  United  Sutcs  arc  likely  to  liave  created  aij^nificunt  untapped 
potontiol  fof  ooat  effective  limited  incentives  for  energy  efficiency  improvements  and  greenhouse 
gas  emission  reductions. 

4.  The  team  noted  that  greenhouse  gas  emission  and  removal  estimates  are  highly  uncertain 
in  several  sectors  where  the  United  States  hopes  tn  aehievp.  significant  reductions  in  net 
emissions,  but  acknowledged  that  the  United  States  Is  putting  a  great  deal  of  effort  into  reducing 
these  unccrtaLiiics.  Li  pvirticukr,  the  team  noted  the  uncertainty  surrounding  United  States 
estimates  of  removals  of  carbon  resulUna  from  aiitlirupogenic  activity  and  believes  there  is  a 
need  to  develop  common  international  definitions  of  'forest  land"  and  "managed  forest". 

5.  The  United  States  Climate  Change  Action  Plan  (CCAP)  builds  and  expands  upon  existing 
legislation  and  is  primarily  made  up  of  a  variety  of 'mechanisms  to  promote  and  facilitate 
voluntary  actions  tn  deal  with  emissions  of  COj,  methane  (CHJ,  nitrous  oxide  (NjO), 
hydrofluorocarbons  (HFC)  and  perflunrocarhon<;  (PFC)  as  well  as  CO^  removals  by  sinks. 
Efforts  to  mitigate  climate  change  in  the  United  States  have  been  hampftred  by  the.  fact  that  the 
United  Slates  Congress  oftbf  approved  '^^^^^^  les;;  than  50  per  cent  of  the  funding  required 
to  implement  the  CCAP  in  its  fust  year  ajid  Dial  it  appears  likely  that  the  second  year  of  the 
CCAP  will  dao  receive  enl^  partial  fundrng  an  even  lower  share.   Moreover,  funding  to 
implement  important  prc-CCAP  programmes,  for  example  undei  tlic  1992  Energy  Policy  Act, 
has  also  been  cut  back  by  more  than  40  per  cent  and  the  methane  landfill  regulation  is  yet  to  be 
issued.   The  United  States  is  now  undertaking,  with  the  participation  of  industry  and 
environmental  stakeholders,  an  official  review  on  the  status  of  implementation  of  the  CCAP  that 
will  be  made  public,  in  October  IQQS  early  1996. 

6.        The  team  concluded  that  tlie  innovative  nature  of  a  number  of  the.sa  measiire.s  warrant 
their  consideration  by  other  countries  as  one  element  of  a  climate  change  response  strategy,   in 
particular,  other  countries  can  benefit  from  the  work  llie  United  Stales  has  done  to  create 
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milestones  for  each  CCAP  liutialive  -<uid  lu  develop  systems  to  monitor  their  implementadnn  and 
offcctivcncas.   Even  so,  the  team  noted  that  the  eovcniincnt  is  aware  of  the  potential  for 
double-counting  the  emission  reductions  associated  with  differeni  volunlary  programmes  and  the 
difficulty  of  s^Kirating  emission  reductions  achieved  Arough  voluntary  initiatives  from  Ihe 
baseline  emissions  projection  ^nd  that  it  has  addressed  this  in  its  asscsimcnt 

7.  While  most  of  the  United  States  voluntary  programmes  have  met  or  exceeded  their  initial 
implementation  milestones,  it  seems  unlikely  that  more  ambitious  hiture  milestones  will  be  met 
unless  these  progfiuaiucs  are  fuliy  fiindcd  or  modified  to  account  for  reduced  levels  of  funding. 
Major  budget  cuts  for  die  institutions  upoating  them,  notably  the  DQ)a7tment  of  Energy  (DDH) 
and  the  Environmental  Protection  Agency  (EPA),  also  reprcsciil  challenges  for  the  continuing  of 
the  programmes. 

8.  While  the  industry  response  to  call  for  voluntary  actions  has  been  positive,  many  of  the 
measures  outlined  in  die  CCAP  are  still  at  an  early  stage  of  development.  This  means  that 
industry  has.  at  this  time,  otten  made  only  very  general  commitments  to  take  action  to  reduce 
greenhouse  gas  emissions.   More  specific  commitments,  imd  thoir  implcmentntiont  ore  expootod 
ill  Uiu  juaira  tihcad. 

9.  The  team  also  noted  the  importance  of  suae  aiid  local  governments  in  the  implementadon 
of  die  UNFCCC.   In  particular,  deregulation  of  utilities  and  electricity  inaikcls  envisaged  to  talce 
place  over  the  next  decades,  may  have  several  effects  on  emissions,  although  the  total  eflccl  is 
not  clear.   Furthermore,  these  governments  also  have  responsibilities  for,  inter  alia,  building 
standards,  highway  planning  and  speed  limits. 

10.  While  the  team  noted  that  the  projections  contained  in  the  national  communication  were 
nieUiodolugically  sound  and  based  on  reasonable  assumptions  at  the  time,  the  CCAP  was 
prq>ared,  key  assutnpiious  pcrUining  to  economic  growth,  energy  prices,  and  funding  for  (.:CA»» 
programmes  need  to  be  revised.  As  a  result,  the  team  cuiiduded  that  net  greenhouse  gas 
emissions  are  now  less  likely  to  return  to  1990  levels  than  was  llic  case  when  the  CCAP  was 
released.   Wow  measures  to  reduoc  United-States  greenhouse  gts  emissions  tuc  likely  lu  be  baaed 
on  ft  voluntary  approooh,  given  the  current  political  climate  in  the  United  States.     The  CCAP 
had  anticipated  that  energy-related  carbon  emissions  would  increase  bv  about  3  per  cent  between 
1990  and  2rK¥)  imder  full  plan  implementation,  with  this  increase  offset  by  reductions  in  other 
greeenhonse  fa«:e^.   When  the  review  was  carried  out,  it  appeared  that  CO;  and  HFC  emissions 
bad.  higher  growth  potentials.     In  the  course  of  the  review,  it  was  noted  that  energy-related  CO-^ 
emissions  liad  likdy  increased  in  1994.  because  energy  demand  in  that  year  was  l.S  per  cent 
above  the  1993  level.   CO,  emissions  in  1993  were  4.1  per  cent  above  1990  levels. 

1 1.  The  team  noted  that  state  and  local  governments  are  responsible  fur  most  formal 
education  programmes  in  the  United  States,  and  that  United  States  legislation  resuicls  (lie  rule  of 
the  federal  Government  in  public  education  on  the  climate  change  issue.   I'Joncthelcjs,  t  Despite 
thpxe  limitations,  several  government  agencies  undertake  public  outreach  efforts  on  climate 
change.   Ihe  team  recogni/ed  the  micial  contribution  of  the  United  States  to  the  scientific 
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understanding  of  ciiiiiate  clraiiKe  aud  noted  that  this  work  forms  the  tacoal  ba^  for  many  public 
education  initiatives. 

12.       While  the  United  States  has  worked  hard  to  ensure  diat  multilateral  institutions 
Incorporate  climate  change  concerns  into  their  Hnancial  assistance  programmes,  it  remains 
unclear  if  the  l  Inited  States  Congress  will  authorize  the  funding  required  for  the  United  States  to 
maintain  its  current  level  of  official  development  assistance  (0.L5  per  cent  of  gross  domestic 
product  (GDP),  according  to  OECD/Development  Avistancc  Comminee  statistics)  and  to  meet 
its  financial  cuiHiiiiiinenUi  to  multilateral  institutions.  The  review  team  wa.<;  imprntsni  by  a 
number  of  United  States  biiaia<il  assistance  programmes  related  to  climate  change,  particularly 
the  United  States  Country  Studies  Program.    Fliidlly,  Uic  team  noted  that  die  flrst  projects  have 
been  approved  under  the  United  States  Initiative  on  Joint  Implementallou  (USUI),  ran^ 
rooogniaod  that  tho  United  States  would  not-bc  counting  the  emiaaion  reduetiens  ^5»elated  with 
thoac  actions  ftgainst  ita  commitnuonta  undcf  tho  rramewofk  Convention  on  Climoite  Change. 

Summary  of  comments  offered  by  the  United  States  of  America 


I.  INTRODUCTION  AND  NATIONAL  CIRCUMSTANCES 

13.  The  United  States  of  America  ratified  the  Convention  on  IS  Ovlubcr  1992.  The 
secretariat  received  its  first  national  communication  on  21  September  1994.  The  in-depti)  review 
of  the  national  communication  was  carried  out  between  April  and  August  199S,  including  a  visit 
from  '22  to  2b  May  199S.   The  review  team  consisted  of  Mr.  Rodito  Buan  (Philippines), 

Mr.  Alcxey  O.  Kokorin  (Ru.«ian  Hederation),  Mr.  Ebbe  Kvist  (Sweden),  Mr.  Trevor  Morgan 
(Intcmailonal  Energy  Agency),  Mr.  Robert  Hnmnng  (Cxmsultant)  and  Mr.  Peer  Stiansen 
(UNFCCC  secretariat.  Coordinator), 

14.  Since  the  United  States  submitted  its  national  communication  to  the  UNFCCC  interim 
secretariat,  there  have  been  two  polidcal  developments  tliat  are  likely  lu  liniil  the  effectiveness  of 
United  States  efforts  to  mitigate  climate  change. 

15.  First,  the  United  States  Congress  provided  only  Qj^,  million  of  the  |^pj^  miHioft  less 
than  half  thp.  amount  requested  by  the  President  for  the  first  year  of  activities  under  the  United 
States  Climate  Change  Action  Plan  (CCAP).   Moreover,  funding  for  several  pre-CCAP 
initiatives  Included  in  the  baseline  emissions  projection,  for  example  under  the  1992  Energy 
Policy  Aa,  has  also  been  cut  by  Congress.  In  particular,  the  implementation  of  greenhouse  gas 
cnussion  reduction  aclividtss  under  the  aegis  of  the  Department  of  Energy  (DOE)  hif,  been 
hampered  by  these  initial  funding  shoilfalls. 

16.  Second,  Congressional  elections  in  November  1994  produced  a  new  Congress  llial  is 
likely  to  be  even  more  concerned  with  deficit  reduction,  deregulation,  and  cutting  taxes. 
Although  the  President's  funding  request  for  the  second  year  of  CCAP  activities  docs  not  attempt 
to  make  up  for  the  funding  cuts  experienced  in  the  first  year  of  the  CCAP,  it  is  still  unlikely  to 
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be  fully  funded.   Indeed,  some  of  the  budget  proposals  prepaicd  by  llie  House  of  Rq)rescntailves 
and  the  Senate  envision  a  40  per  ecnt  reduction  in  the  DOE's  energy  efficieiiCY  iuid  renewable 
energy  programmes,  while  other  proposals  seek  to  abolish  the  DOE  altogether.  The  piiorities 
identified  by  the  new  Congress  also  ;q>pear  likely  to  place  significant  limits  on  the  range  of 
Additional  policy  measures  the  President  could  successfully  implement  to  fiirther  reduce 
greenhmiM'.  gas  r.miss<ons. 

17.  United  States  political  and  institutional  systein.s  can  make  climate  change  policy-maldng 
more  complex,  and  Uifficull  than  in  many  other  countries.  Although  the  CCAP  was  developed 
under  the  authority  of  the  President,  fiinding  for  its  implementation  must  be  approved  by  a 
Congress  that  is  outside  the  President's  control.   Any  new  r^ulatory  initiatives  ur  ccunomic 
instruments  that  are  designed  to  combat  climate  change  also  require  Congressional  approval, 
which  is  often  a  time-consuming  process.  ' 

18.  Moreover,  the  fedenil  (government  does  not  control  some  important  climate  change  poli^ 
levers.  For  example,  decision.*;  on  how  to  allocate  federal  highway  fimds,  set  building  standards 
and  speed  limits  are  made  at  the  state  level  and  the  electric  utility  industry  is  Inrgdy  significantly 
rc^ulaiBd  by  slate  govcnunents.  This  means  that  decisions  taken  at  the  state  level  can  have  a 
ugnificant  impact  on  gieenhuuM;  Kds  emissions. 

19.  The  review  team  noted  that,  despite  these  political  and  institutional  realities,  the 
United  States  had  made  a  significant  effort  to  involve  as  many  interests  as  possible  in  the 
development  of  the  CCAP.  The  CCAP  was  developed  through  an  interdepartmental  process 
coordinated  by  the  White  House  that  actively  sought  input  from  industry  and  environmental 
Stakeholders.  It  is  expected  that  all  of  iheu  stakeholders  will  also  participata  in  provide  imput 
into  the  first  official  review  of  the  Implementation  of  the  CCAV,  to  he  completed  by  ©etebep 
499S  early  1996. 

20.  The  United  States  has  very  low  energy  prices  in  comparison  to  olhcr  OECD  countries. 
For  example,  gasoline  prices  in  the  United  States  are  the  lowest  among  OECD  countries  and 
electricity  prices  are  the  second  lowest  -  primarily  because  of  low  taxes.   These  low  prices, 
coupled  with  climatic  conditions  and  the  fact  that  the  United  States  has  one  of  the  lowest 
population  densitie^s  among  countries  of  the  Organisation  fro  Economic  Co-operation  and 
Development  (OECD)  (hnrh  inside  and  outside  urban  areas),  help  explain  why  the  United  States 
is  much  more  energy  and  greenhouse  ga-vintensive  nn  a  ppj-  capita  basis  than  almost  all  other 
OECD  countries.  As  a  result,  there  Is  likely  to  be  significant  untapped  potential  for  mst- 
cScctive  energy  efficiency  iuiproveiuenls.  if  energy  prices  rise. 

21.  Other  factors,  such  as  a  population  growth  rate  that  is  much  higliei  lluui  in  must  OECD 
countries  (up  to  1.1  per  cent  per  year),  will  put  significant  upward  pressure  on  United  States 
greenhouse  gas  emissions  in  the  ftiture.   Economic  growth  is  currently  more  robust  than  assumed 
in  the  action  plan. 


Draft         26  January  nva  Drafi         H  J^HU/iry  1996  Draft         26  January  1996 


518 


7. 


n.  INVENTORIES  OF  ANTHROPOGEMC  EMISSIONS  AND  REMOVALS 

22.  After  examining  the  national  communication  and  extensive  background  documentation 
provided  by  the  llnit»1  States,  the  team  concluded  that  the  United  Sutes  greenhouse  gas 
Inventory  is  transparent,  well-documented  and  in  accordance  with  the  reporting  guidelines.  Data 
arc  presented  in  the  rqwrting  format  established  by  the  Intergovernmental  Panel  on  Clinuite 
Change  (IPCC)  and  are  widely  aviiilable  in  both  printed  and  electronic  form.  The  presentation 
in  the  CCAT  made  use  of  available  global  warming  potentials  (GWPs)  that  have  since  been 
revised  by  the  IPCC. 

23.  The  inventory  was  compiled  by  the  United  States  Environmental  Protection  Agency 
(EPA)  using  data  gathered  from  several  federal  agendes  and  dquurtments,  most  sifiuiicantly  the 
Energy  Information  Administration.   Mandatory  r^>orting  of  some  greenhouse  |>as  emissions  by 
industry  also  contributed  to  the  inventory  in  the  industrial  sector. 

24.  Catbua  dluxldc  (CO,)  accounted  for  85  per  cent  of  net  United  States  greenhouse  gas 
emissions  in  1990,  and  the  vast  majority  of  Uiesc  ciulssiuiis  were  produced  through  the 
combustion  of  fossil  fuels.   Activity  data  and  emission  factors  for  CO?  emlssious  Iruia  (lie 
energy  sector  are  in  general  solid  and  reliable.  While  the  United  States  used  a  bottom-up 
methodology  to  calculate  COj  emissions  from  the  energy  sector,  it  also  presented  these  emissions 
as  calculated  using  die  IPCC  default  top-down  mediodology.  The  United  States  believes  that  this 
evercise  provides  a  useiiil  check  on  inventory  results  and  found  that  the  difference  in  results 
obtained  through  the  two  methodologies  was  about  1  per  cent 

25.  Alinusi  40  per  cent  of  the  greenhouse  gas  emission  reductions  projected  to  ocair  as  « 
result  of  the  CCAP,  however,  talte  place  in  non-cncrgy  *iectors.  The  review  team  noted  that 
greenhouse  gas  emission  inventory  estimates  in  many,  of  diesc  sectors  aie,  as  in  other  countries, 
much  more  uncertain  than  is  the  case  with  cncrgy-f^latcd  COj  emissions.   There  arc  significant 
xincertainties  surrounding  emission  factors  in  the  agriculture,  waste,  and  non-energy  industrial 
sectors  that  result  in  the  creation  of  large  uncertainty  ranges  around  specific  inventory  estimates, 
t-or  evample,  the  United  States  has  indicated  that  nitrous  oxide  (N,0)  emissions  from  the  use  of 
fertilizers  wa.«;  equivalent  to  14  000  Cig  iH^^  carbon  (200  Gg  NjO)  in  1990  (0.20  Mt),  with  an 
uncertainty  range  ef  equivalent  to  3  000  to  rtl  000  Ug  i^^  carbon  equivalents,  using  a  GWP 
value  of  270..  The  United  States  is  maJdng  significant  efforts  to  reduce  such  uncertainties 
tlu'ougli  improved  data  gathering  and  estimation  methodologies.   It  has  played  and  continue.";  to 
play  an  important  role  in  the  development  of  a\etliodulogics  in  the  area  of  emission  inventories. 

26.  The  team  noted  the  problems  of  commercial  confidentiality  that  arise  when  there  are  only 
a  small  number  of  emitters  of  gases  such  as  hydrofluorocarbons  (HFC)  and  perfluorocarbons 
(PFC).   While  commercial  confidentiality  must  be  protected,  transparency  requires  that 
reviewers  should  have  access  to  non-aggregated  data.   The  United  States  was  very  helpful  to  the 
review  team  in  this  regard. 
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27.  With  regard  to  CO,  removals,  the  team  noted  that  the  United  States  iiiveiituiy  uf 
greenhouse  gas  sinks  presented  in  the  national  communication  is  based  on  detailed  data  on  the 
wood  stock  contained  in  managed  forests  in  the  year  1992  (excluding  forests  in  Alaska  and 
H;twaii).'    The  existence  of  these  data  allows  the  United  States  to  calculate  COj  fluxes  directly 
by  monitoring  changes  in  the  total  wood  stock.  The  United  States  umply  assumes  that  any 
changes  in  this  wood  stock  are  the  resixU  nf  anthropogenic  activity  because  these  forests  are 
considered  to  be  managed.  The  review  team  noted  a  need  to  develop  common  international 
dermiiions  as  (u  what  constitutes  "forest  land'  and  a  'managed  forest*. 

28.  The  team  also  noted  that  the  numbers  obtained  are  uncertain,  as  in  most  countries, 
because  of  differences  between  inventory  of  full  forest  carbon  pool  (including  bdow  ground 
wood,  soil  carbon,  forest  floor,  green  biomass,  young  trees,  etc.)  and  inventory  of  time- 
dependent  emissions  from  the  product  pool.   This  uncertainty  does  not  change  di^^ct  that 
anthropogenic  activity  in  United  States  forests  is  creating  a  carbon  sink,  but  it  does  have 
implications  for  the  size  of  the  sink,    indeed,  the  estimate,  of  the  carbon  sink  generated  by 
anthropogenic  activity  in  1990  was  revised  downward  in  1994  and  is  likely  tr)  be  revised 
dov^nward  a^aiii  in  1995.  These  forest  sink  estimates,  as  in  most  countries,  do  not  yet  accotini 
for  changes  in  the  carbon  content  of  forest  soils  ur  the  release  of  greenhouse  gases  other  than 
CO}  firom  forest  fires. 

29.  The  United  States  has  not  adjusted  its  inventory  csdmatcs  to  account  for  climate  or  the 
import  and  export  of  energy.   Warmer-than-average  temperatures  in  the  United  States,  as  in 
1990,  can  lead  to  either  greenhouse  gas  emissbn  reductions  (reduced  heating  loads  in  winter)  or 
greenhouse  gas  emission  increases  (increased  cooling  loads  in  summer).   Taking  botfi  heating 
and  cooliny  into  account,  the  Department  oF  Energy  has  esrimared  That  TT  S   carhnn  dioxide 
emissions  in  1990  have  been  aupruximatelv  20  million  metric  tons  fmeafjiirsd  as  carbon  content 
only,  equivalent  to  73  MMT  CO,^  higher  if  evaluated  under  Uie  average  climate  conditions  of. ^e 
previous  thritv  years  rather  than  the  1990  conditiojis. 

30.  The  United  States  will  revise  its  greenhouse  gas  emission  inventory  in  October  1995. 
This  revised  emissions  inventory  will  include: 

greenhouse  gas  emission  estimates  for  1994; 

revised  1990  greenhoiwe  gas  inventory  esrimates  based  on  the  most  recent  global 

warming  poantials  (GWP)  developed  by  the  IPCC; 

revised  esiiuiaics  of  1990  carbon  removal  numbers  (which  will  likely  be  lower); 

revised  estimates  of  1990  HFC  and  PFC  numbers; 

emission  estimates  for  sulphur  hexafluoride  (SFJ; 

emission  estimates  for  nitrogen  trifluoridc  (NTj)  (NT,  is  a  by-product  of  computer 

chip  production  that  may  have  a  GWP  in  the  range  of  5,300  -  13,000); 

removal  estimates  associated  with  carbon  storage  in  wood  products. 


'   This  IS  ditt'erent  from  the  CCAP.  where  CO.  removal  numhers  are  based  on  n  1 087  inv«nfn»y  nf  fk« 
forest  stock. 
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31.       COj  emissions  in  the  United  States  increased  in  1994  according  to  prclimlnaiy  dalii, 
largely  because  energy  demand  in  IdSi  was  1.5  per  cent  higher  than  in  1993.   COj  emissions  in 
199:^  were  4.1  per  cent  above  1990  levels. 


in.  POLICIES  AND  MKA.SIIKK5 

32.  The  team  examined  the  United  Suics  national  communicaiion  and  background 
documentation  and  concluded  that  the  United  States  has  ^eiicnlly  fulluwed  the  rqporting 
guidelines  with  respect  to  policies  and  measures.  Although  the  national  coinmunicatiun  did  not 
contain  extensive  information  on  the  status  of  implementation  of  CCAP  actions  and  the 
milestones  that  will  be  used  to  assess  thdr  progress,  this  information  was  provided  in  detail  to 
the  team  In  the  course  cf  it^  visit.  .Some  of  this  additional  information  it  presentedpbelow.  The 
team  believes  that  an  examination  of  the  milestones  developed  by  the  United  Stat^  to  monitor 
Uie  iinplciiiailaliun  of  CCAP  acdons  could  be  a  source  of  idea.^  and  methods  tor  other  countries. 

33.  The  CCAP  wa^  developed  in  coiuiultaiiun  with  industry  and  environmental  group<;  and 
outlines  a  comprehensive  set  of  measures  to  deal  wiUi  emissions  of  CO,,  mcdiane  (CHJ.  nitrous 
oxide  (NjO),  HFCs  and  PFCs,  as  well  as  COj  removals.   Many  of  these  measures  build  on,  or 
expand  upon,  existing  programmes  implemented  under  the  1990  Qcan  Air  Act,  the  1991 
Intermodal  Surface  Transportation  Efficiency  Act,  and  the  1992  Energy  Policy  Act. 

34.  The  vast  majority  of  the  mea.sures  incluric/l  in  the  CCAP  are  voluntary  and  represent  a 
creative  le^tpunsc  lu  the  political  climate  that  existed  at  the  time  of  their  dcvclnpmejit  and  the 
uncertainties  associated  with  grccnliousc  gas  emission  levels  and  possible  mitigation  option.^. 
Thc^  also  reflect  the  President's  view  llial  llicre  is  a  wide  range  of  cost-effective  opportunities  to 
reduce  greenhouse  gas  emissions  that  arc  not  being  impleuicjilcd  because  of  market  barriers  Such 
as  a  lack  of  information.   The  review  team  concluded  that  the  innovative  naiuie  of  a  auuiber  of 
these  measures  warrant  their  consideration  by  othei'Countrics  as  one  dement  of  their  climate 
change  response  strategies. 

A',  f  innnrnl  polipy  approaoh 

35.  Tlic  voluntary  approach  in  the  United  States  includes  a  variety  of  ditlexent  mechanisms  to 
promote  and  encoutai^c  volunuiry  action.  Foundation  programmes,  such  a.^  "Climate  Clhalienge" 
and  'Climate  Wise",  encourage  Indusiiies  lu  iadq)cndently  develop  comprehensive  plans  to 
reduce  greenhouse  gas  emissions  and  to  report  on  the  results  of  tliosc  acdons.   At  the  time  of  the 
toom'fl  viait.  By  the  end  of  199S.  104  utilities  (representing  ^^^B:  o^  ^^  i^iuduudun  nearly 
60  per  cent  of  utilitv  carbon  emissions'^  had  submitted  acdon  plans  under  the  'Climate 
('hallenge"  programme,  and  13  industrial  energy  users  (represendng  ^^S^^^  approximately  4 
per  cent  of  total  energy-use)  hart  submitted  plans  under  the  "Climate  Wise'  programme. 

36.  The  "Star"  programmes  of  the  EPA  are  targeted  at  spcr.ific  industries  or  specific  end- 
users  of  energy.  Tlwsc  projinunnics  commit  industry  to  examining  actions  to  reduce  greenhouse 
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gas  emissions  and  implement  all  actions  that  arc  found  to  be  cost-effective.   Other  targeted 
progrsunmes,  such  as  the  DOE  "Motor  Challenge"  and  "NICE  3",  provide  financial  asastancc  to 
industry  to  design  and  develop  demonstration  projects  that  can  illustrate  to  others  the  economic 
hftnrfits  of  faking  action  to  reduce  greenhouse  gas  emissions.  The  important  global  role  of  die 
United  States  in  technology  development  and  dissf-minatton  ensures  that  these  initiatives  will  4so 
have  an  important  influence  beyond  the  United  States  borders. 

37.  Implementation  of  tlw  "voluntary  approach'  in  the  United  States  has  been  strongly 
affected  by  Congressional  decisions  on  funding  for  dicse  programmes.  Wliilc  CCAP 
programmes  implemented  by  the  EPA  rccdved  full  funding  for  thdr  implementation  in  Uic  first 
year,  most  DOE  programmes  recdved  only  partial  funding.   It  appears  quite  likely  that  both  the 
DOE  and  the  EPA  will  only  receive  partial  funding  for  the  second  year  of  implementation. 
Although  many  voluntary  programmes  met  or  exceeded  their  modest  initial  first-yfar  milestones 
for  implementation,  it  is  unlikely  that  these  programmes  will  be  able  to  meet  their  more 
ambitious  fUture  milestones  and  greenhouse  gas  emission  reduction  targets  unless  full  fiinding  is 
piuvlded,  or  if  the  measures  are  modified  to  a^T^m^  ff^^  rMiirM  fiindlnf  Iftvrif!. 

38.  While  die  industry  response  to  voluntary  actions  has  been  rtty  positive,  nuuiy  of  the  - 
measures  outlined  in  the  CCAP  arc  still  at  an  early  stage  of  development.  This  means  dial 
industry  has,  at  this  time,  often  made  only  very  general  commitments  to  reduce  greenhouse  gas 
emissions.   More  specific  commitments,  and  their  implementation,  are  expected  in  die  years 
ahead. 

39.  Tho  team  bclicvca  that  credible  voluntary  aetions  require  rio.rflilRrt  monitoring  of  theif 
inipluiiuituiluii  and  uaaodatcd  grccnhouac  gas  emission  rcducttons.  The  United  States  is  rightly 
putting  a  great  deal  of  efToit  iiilu  llic  development  and  operation  of  monitoring  systems  to  assess 
the  progress  of  voluntary  programmes  in  mccdng  the  milestones  established  fur  them.   Detailed 
r^>orting  requirements  have  been  established  withjj),  some  vqluntary  programmes  and  third-party 
verification  of  actions  taken  is  required  by  others.   In  many  programmes,  economic  benefits  and 
reductions  in  other  air  pollutants  are  also  being  monitored.     Efforts  are  now  under  way  in  the 
United  States  to  create  a  comprehensive  monitoring  system  that  will  facilitate  the  assessment  of 
progress  of  all  (.'.(.'.AP  programmes  and  be  publicly  accessible  through  electronic  media.   The 
team  believes  that  other  countries  can  benefit  from  an  examination  of  the  United  States 
monitoring  system.  However,  that  there  are  many  methodological  riiffiniihas  associated  with 
luuiiiiuring  die  dTecliveness  of  voluntary  programmes. 

40.  The  CCAP  included  two  measures  that  required  the  passage  of  new  (nun  budget) 
legislation  action  by  die  Congress:  approval  of  a  new  landfill  rule  and  mitoml  of  new 
legislation  removing  the  tax  subsidy  for  employer  provided  parking.   The  team  noted  that  ncidier 
of  these  measures  has  been  put  into  effect,  and  that  the  latter  is  unlikely  to  reappear  before 
(."xjngrcss  until  1996. 

41.  The  United  States  has  always  been  very  clear  that  thp.  (;CAP  is  an  evolving  document  that 
will  liavc  to  be  regularly  reviewed  and  updated.  The  first  review  t^  occur  in  October  red  in 
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t99S  (after  the  team  had  carrieH  out  its  review  of  the  national  communication^,  with  the 
ajsifltnnce  of  input  industry  and  environmental  groupE,  and  the  results  will  be  made  public  early 
1996.   This  document  mil  provide  a  dear  sutus  report  on  existing  measures  under  the  CCAP 
and  is  experiftd  to  inr.liirie  possible  further  measures  that  the  United  States  could  take  to  reduce 
gr<wihniite  ga«:  emissions  in  the  shpn  and  longer  term,    it  is  -not  clonr  whoJho.r  the.  docAimoJit  swU 
Itieludc  eommltmenta  to  Implement  any  new  specific  tncasurca  that  arc  not  already  part  of  the 
GGAP.- 

42.  If  commitments  for  further  measures  arc  made  in  October  199S,  the  current  political 
context  in  the  United  States  means  they  are  unlikely  to  involve  regulation,  new  taxes,  or 
significant  new  government  expenditures.   Accordingly,  the  United  States  is  likely  to  continue  to 
rely  predominantly  on  the  voluntary  approach  for  the  forosccablo  future  time  bdng. 

43.  During  its  visit,  the  team  was  informed  of  a  variety  of  perspectives  on  t^epotential  for 
additional  voluntary  actions  to  reduce  greenhouse  gas  emissions  before  the  year  2000.  While 
there  do  seem  to  be  some  pusMbiliiies  fur  cusi'^frective  greenhouse  gas  emission  reduction  not 
targeted  by  the  CCAP,  there  is  significant  uncertainty  about  tiie  incentives  fox  slakdiuldcrs  lu 
take  such  actions  and  the  potential  for  government  to  fund  additional  voluntary  programmes., 

D.  Spooifio  moQJuroa 

44.  'Iliere  «s  no  spac«  in  this  report  for  a  comprehensive  review  of  the  CCAP.   Accordingly, 
this  section  simply  highlights  some  of  the  team's  key  findings  with  respect  tn  the  polidKs  and 
measures  included  in  the  CCAP. 

45.  Transportation  accounts  for  31  per  cent  of  United  States  carbou  dioxide  cniissioiis  and  is 
one  of  the  fastest  growing  emissions  source  in  the  United  States.   The  team  noted  that  the  CCAP 
contains  only  four  measures  aimed  at  emissions  from  this  sector  and  that  tiicsc  measures  arc 
expected  to  contribute  less  than  10  per  cent  to  grecfihouse  gds  emission  reductions  under  the 
CCAP.    Only  one  of  these  measures,  a  programme  stimulating  use  of  telecommunications 
instead  of  travel,  has  baen  fiilly  implemented,  and  two  of  diem  still  remain  in  the  planning  stage. 

46.  The  national  communication  indicated  tiiat  a  multi-stakeholder  advisory  committee  would 
be  cslablished  to  explore  otiier  ways  of  reducing  greenhouse  gas  emissions  from  transportation. 
That  While  the  advise ry  committee,  known  as  "Cai"  Talk",  lita  bixii  was  dlcecled  to  produce 
consensus  recommendations  by  September  1995,  it  was  not  succssful.   ViltUe  tiie  ttam  believes  k 
will  be  extremely  difficult  to  produce  consensus  rccommcwtationo  through  "Cor  Talk", 
Nevertheless,  the  process  rt  did  generatiftge  extensive  discussion  and  analysis  that-wili  and  its 
result  is  expected  to  assist  the  United  States  in  taking  decisions  about  further  actions  in  this 
sector.   It  is  unlikely  unclear,  however,  that  whether  any  commitments  to  implement  specific 
"Cjxi  Tnlk"  recommendations  will  be  included  in  the  October  IQQ5  rovicw  current  update  of  the 
CCAP. 
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47.  The  United  States  has  imposed  fael  economy  standards  for  automobiles;  these,  specified 
under  the  Cxirporate  Average  Fuel  Economy  (CAFE)  programme  have-not  changed-sincc  have 
y^een  revlsfid  several  times  sincp.  they  were  adopted,  most  recently  in  1985.  While  the  CCAP 
contains  no  comniitincn:  to  revise  Hxeae.  standards,  the  Government  is  worldng  in  cooperation 
willt  United  States  automobne  makers  to  develop  a  prototype  automobile  within  a  de<»de  that 
would  be  300  per  cail  more  fuel  efficient  than  conventional  car.^  while,  cnntinuing  to  provide  the 
performance  characteristics  and  airunlabilily  of  conventional  Cars. 

48.  Reducing  electricity  use  in  all  non-transport  end-use  sectors  is  a  ni^jur  element  of  both 
the  CCAP  and  the  1992  Energy  Policy  Act  Moreover,  a  number  of  United  States  electric 
nt1litie.s  have  voluntarily  developed  comprehensive  action  plans  for  greenhouse  gas  emission 
reduction  under  the  Climate  Challenge  programme.   Fundamental  restructuring  of  the  electricity 
supply  indusay  in  the  United  States  that  could  take,  place  over  the  next  decade  may  however 
pose  a  risk  to  the  fUture  Implementation  of  actions  by  electric  utilities  to  reduce  'greenhouse  gas 
emissions. 

49.  Throughout  the  United  States,  changes  arc  beiiix  contemplated  in  the  regulation  of  electric 
utilities  that  will  increase  competition  in  the  provision  of  electricity  services  to  cnd-users.   If  • 
these  reforms  are  implemented,  they  may  have  significant  effects  on  greenhouse  gas  enilsMuns. 
Changes  in  price  and  cost  structures  within  a  more  competitive  environment  may  change  the 
demand  for  electridty,  shit^  investment  patterns  in  research  and  development  and  new  generation 
capacity,  and  affect  demand-.side  management  activity.   Although-s  Some  of  these  developments 
could  reduce  emissions  throi^gh  increase  i!se  of  nan!ral  gas,   ir  is  also  possible  that  these  changes 
could,  if  net  forcaccn  tmd  leapoiided  to.  result  in  increased  greenhouse  gas  emi.s.sions  l>y 
expanding  total  electricity  use. 

50.  While  there  is  considerable  uncertainty  about  \hc  extent  of  electricity  industry 
restructuring  and  the  speed  of  regulatory  reform,  it^s  unlikely  that  the  move  to  inaeas^i 
competition  in  the  provision  of  electricity  services  will  have  much  of  an  impact  on  greenhouse 
ga.s  emis.sinns  betore  the  year  2O0O.   The  review  team  believes,  however,  that  these  changes 
could  have  significant  effects  in  the  post-2000  period. 

51.  The  CC/*lP  outlines  measures  to  control  emissions  of  methane  from  all  major 
anthropogenic  sources.  Wliilc  landfills  are  the  most  Important  source  of  projected  methane 
reductions,  the  CCAP  also  contains  mcasuies  lliai  aimed  at  reducing  methane  emissions  from 
natural  gas  production  and  distribution,  ruminants  and  coal  mines. 

52.  The  single  most  important  measure  to  reduce  methane  emissions,  increasing  tlie 
stringejicy  of  rules  for  the  recovery  and  destruction  of  organic  compounds  in  landfills,  was 
actually  implementwl  to  reduce  emissions  of  volatile  organic  compounds.  This  demonstrates  the 
multiple  benefits  that  may  derived  from  such  action.   Although  the  United  States  national 
communication  indicated  that  the  CCAP  action  of  prnmulgating  a  more  stringent  landfill  rule 
would  occur  in  1994,-  Uiis  was  not  the  case.   It  is  now  expected  that  this  will  ofv.iir  some,  time  in 
1995t- 
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53.  The  single  most  important  measure  to  reduce  nitrous  oxide  (NjO)  emissions  by  die  year 
2000  is  not  part  of  the  CCAP,  but  is  instead  a  provision  under  the  Clean  Water  Act  that  limits 
agricultural  runoff  into  freshwater  sources.   This  provision  should  help  reduce  the  use  of 
nitrogenous  fftrtili7«-s  ;ind  pestiddfts  if  snflCiftsxfully  impiftmenrwl. 

54.  There  Is  only  one  measure  within  the  CCAP  itsdf.  namely  improving  die  efficiency  of 
uiuogenous  reiliUter  use,  tliat  is  specifically  targeted  at  reducing  anthropogenic  NjO  emissions. 
Aldiough  measures  that  reduce  COj  emisnons  from  fossil  fuel  combustion  will  also  reduce  N2O 
cmissiona,  these  cmisnon  reductions  have  not  been  estimated  in  die  CCAP.  While  many 
countries  have  included  measures  to  reduce  N^O  emisuons  from  adipic  add  producdoa  in  didr 
national  communications,  these  measures  are  not  included  in  the  CCAP  because  they  have 
already  been  accounted  for  in  the  baseline  projection  of  future  emisdons.  The  United  States  has 
no  actions  in  place,  however,  to  rnliirp.  N^O  nnij»inn.'(  from  nitric  acid  prnductinff. 

35.       The  United  States  has  outlined  a  number  of  voluntary  and  regulatory  actions  to  deal  with 
cuiisslons  ofHFCs  and  PFCs. 

56.       On  the  enhancement  of  sinks,  the  review  team  noted,  that  unlike  some  odier  countries, 
the  United  States  does  not  rely  on  afforestation  or  reforestation  to  increase  removals  of  COj  by 
forests.   Instead,  die  United  Slates  is  focusing  on  e£foits  to  enhance  the  health  of  private  forests 
by  better  species  composition,  age,  growth  rate  and  volume  of  trees.  This  is  being  done  through 
measures  that  seek  to  improve  the  management  of  nonMndustrial  private  forces  n%  well  tm 
mea.surex  tn  encourage  the  recycling  of  paper  and  odier  wood  products.  While  e  Efforts  to 
enhance  carbon  removals  account  for  less  than  10  per  cent  of  the  total  net  emissions  reductitm 
prujeclBd  as  a  result  uf  die  CCAP.  ,  dm  imuii  did  iwc  Uiui  Uicac  iiicaaures  eontfibute  mofe  to  the 
CCAP  dian  the  transpoftation  rdnted  mcajurej  diaeusxd  eari'tef. 


IV.  PROJECTIONS  AND  ESTIMATES  OF  THE  EFFECTS  OF  MEASURES 

57.  The  team  believes  diat  die  United  Stales  has  respected  the  reporting  guiddines  with 
rf^rd  tn  projections  and  ei^timates  of  die  effects  of  measures.  Other  countries  could  benefit 
ftom  die  United  States  experience,  but  die  team  noted  diai  United  States  efforts  in  diis  area  were 
very  resource-intensive  and  involved  the  collaboration  of  numerous  government  djqartmtaiis  and 
agencies. 

58.  Ihc  United  States  presented  two  projections  in  its  national  communication.   The  first 
was  a  baseline  scenario  that  is  defined  as  expected  net  greenhouse  gas  emisuon  levels  based  on 
the  implementation  of  all  legislation  already  in  eRiect  and  all  federal  programmes  funded  or 
expected  to  be  funded  at  the  time  die  CCAP  was  announced.   The  second  projection  was  a 
combined  policy  scenario  that  adds  to  die  basdine  die  estimated  effects  of  die  emission  reduction 
and  sink  enhancement  actions  Included  in  die  CCAP.  On  die  basis  of  die  background  material 
provided  .by  the  United  States,  die  team  judges  diese  projections  to  be  methodologically  sound 
and  bdicvcs  dial  dicir  underlying  assumptions  are  reasonable. 
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59.  As  the  United  States  indicated  in  its  national  communication,  however,  energy-related 
CO^  emissions  have  increased  more  rapidly  than  projected  in  the  CCAP.   In  particular,  the 
United  States  has  experienced  higher  economic  growth  and  lower  energy  prices  than  had  been 
projected  and  some  programmRS  referred  to  in  either  the  CCAP  or  the  baseline  scenario  have 
been  Implemented  more  slowly  than  projected  as  a  restilt  of  ftmding  shortfalls. 

60.  It  is  possible  Uiai  diangts  in  economic  growth  rate,  energy  prices  and  other  fiactors  over 
the  next  few  years  could  help  bring  net  greenhouse  ffli  emissions  back  down  to  the  levels 
projected  in  the  CCAP.  The  team  notes,  however,  that  there  is  a  real  risk  that  net  grccidiouse 
gas  emission  levels  may  turn  out  to  t>e  significantly  higher  than  projected  in  the  CCAP.   Indeed, 
it  is  reasonable  to  conclude  that  net  greenhouse  gas  emissions  are  now  less  likely  to  return  to 
1990  levels  by  the  year  2000  than  was  the  case  when  the  plan  was  released. 

61.  Accofding  to  the  baseline  ■secnorlo  in  the  CCAP.  projected  gracwhonsa  gas  ojnUfltona 
would  be  7  iA;i  wjiR  above  1990  Icvcla  In  the  year  2000.  This  scenario  was-boflod  on.  md  ia 
aimilaf  to.  tlie  1Q93  annual  Caafey  OuUook  t^blialiud  by  the  DOn  Energy  Infofmaiion 
Administration.   A-ncw  annual  Energy  Outlook  vtiu  pxpduecd  in  Januar^^  1095.  While  it  ottly 
inoludoa  policica  already  implemented  by  the  United  States,  ita  pnjMiltin  tliat  energy  fclated.CO» 
cmisflioaa  will  bo  11  per  oont  abovo  1000  I0V0I3  in  the  year  2000  would  5ocmto  indicate  that  the 
ilnitcd  States  will  have  to  implement  further  actions  to  roduoo  not  groonhouao  gas  cmtasiona  if 
those  emis-iions  arc  to  ho  roturnotl  to  IIJUU  levels  by  the  year  2000.      The  October  1993  CCAP 
had  anticipated  that  eneryv-relared  carbon  emissions  wnnlri  infrpas^.  bv  approximately  3  per  cent 
between  1900  and  2000  under  full  plan  implementation,  with  rhi";  small  increase  offset  hy 
absolute  reductions  in  cinissiuns  of  oiher  grecnouse  gases.   From  today's  nersnectlve.  it  appears 
that  there  is  a  hi»her  growth  potential  for  enersv-i elated  uirbmi  dioxide  emissions  and 
chlorofluorocarbon  replacements  than  had  been  anticipated  in  the  oiiaiiial  ulaii.   Tiiese  factors, 
together  with  only  partial  fandinp  of  CCAP  propiammca  bv  the  Congress,  would  seem  to  r 
indicate  that  the  United  States  would  have  to  take  additional  steps  to  return  net  greenhouse  gas 
emissions  to  their  1990  level  by  the  year  2000. 

62.  The  national  communication  inriirates  that,  regardless  of  whether  the  CCAP  is  successful 
In  meeting  the  year  2000  target,  and  despite  the  fact  that  the  CCAP  will  affert  neJ^  greenhouse"' 
gas  emissions  well  beyond  that  date,  emissions  are  expected  to  be  at  least  10  per  cent  above 
2000  levels  in  the  year  2010.   The  team  notes  Uial  the  October  1995  review  of  the  CCAP  will 
likely  provide  some  initial  guidance  as  to  the  approach  the  United  Stales  pbuis  to  lake  to  control 
net  greenhouse  gas  emissions  in  the  post-2000  period. 

63.  The  review  team  noted  that  greenhouse  gas  sink  capacity  in  the  United  States  is  likely  to 
regain  constant  or  to  increase  for  the  foreseeable  future.  While  total  forest  area  is  not  expected 
to  change  significantly,  the  varying  age  distribution  and  productivity  of  forests  across  the  United 
States  should  continue  to  create  an  anthropogenic  forest  sink.  After  declining  significantly  over 
the  last  100  years,  soil  carbon  In  agricultural  soils  Is  also  expected  to  remain  .stable  or  mcrease 
in  tlie  fuluie. 
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64.  The  United  States  will  produce  new  baseline  and  combined  policy  scenarios,  extending  to 
the  year  2010,  for  the  October-  IQQS  CCAP  review.   CCAP  measures  are  expected  to  be 
included  in  the  combined  policy  scenario,  not  the  baseline.   Indeed,  it  is  likely  that  two 
combined  policy  srenarins  will  he  prepared  to  reflect  what  would  happen  under  fullfiinding  and 
panialfuiuUng  for  CCAP  measures. 

65.  The  United  Stdlcs  has  pruvidcd  esliiuaUs  uf  llie  eCTects  of  most  CCA?  measures  on  w 
individual  basis,  as  well  as  the  effects  of  the  measures  outlined  in  the  CCAP  taken  as  a  package. 
The  United  States  has  provided  great  dctul  of  the  estimated  effects  of  the  measures  in  die  CCAP 
in  a  transparent  manner  that  closely  follows  the  reporting  guidelines.   A  genuine  effort  appears 
to  have  been  made  to  generate  realistic  and  sober  estimates  of  the  effects  of  measures  and  the 
experience  of  the  United  States  in  this  area  could  be  a  source  of  ideas  for  other  countries. 

66.  Accurately  estimating  the  effects  of  measures  is  a  challenging  exercise  and  the  team 
recognized  that  greenhouse  gas  emission  reductions  can  easily  be  double-counted.  The  faa  that 
the  CCAP  is  largely  composed  of  vuluntary  ineasum  indkcs  llic  sllualioii  even  more  cltallenging 
fur  the  United  Stales.   Foi  CAampIe,  there  is  a  possibility  that  emission  reductions  claumcd  under 
foundation  programmes  such  as  "  Climate  Wise*  may  akcady  be  accounted  for  in  the  emisnon 
reductions  credited  to  specific  voluntary  programmes  such  as  'Green  lights*.   The 

United  States,  well  aware  of  this  possibility,  chose  not  to  attribute  any  emission  reductions  to 
their  'foundation*  voluntary  programmes.  The  United  States  has  indtc^tted  howftver  that  it  will 
maire  a  ranrioii-s  attempt  tn  calculate  the  emission  reductions  associated  with  these  programmes  in 
the  Ociobof-1995  review  of  the  CCAP. 

67.  There  is  also  a  possibility  that  emission  reductions  claimed  under  voluntary  programmes 
may  aheady  be  reflected  in  the  baseline  scenario.   In  other  words,  it  is  often  difficult  to 
determine  if  a  greenhouse  gas  emission  reduction  action  would  have  occurred  with  or  without  a 
voluntary  CCAP  programme.    Industry  representatives  indicated  that  CCAP  voluntary 
programmes  accelerate  the  implementation  of  voluntary  actions  to  reduce  greenhouse  gas 
emissions  but  are  not  the  factor  determining  whether  or  not  the  actions  would  be  taken  in  the 
longer  term,   in  their  view,  the  key  dexnding  factor  is  cn.st-effectivenes.^,  which  impliei?  that  most 
nf  the.se  actions  would  eventually  he  taken  wjth  or  without  a  CCAP. 

6S.       The  review  team  notes  that  the  United  States  is  clearly  aware  uf  llicsc  difficulties  and  is 
investing  sigiiificaiii  icsources  to  ensure  tliat  the  estimated  effects  of  measures  outlined  in  the 
CCAP  arc  as  reasonable  as  possible.   The  October  1995  review  of  the  CCAP  will  likely  present 
the  expected  effects  of  measures  under  both  full-funding  and  partial-  funding  scenarios. 


V.  VULNERABILITY  AND  ADAPTATION 

69.       The  team  noted  that  .suh.stantial  work  has  been  done  to  assess  the  potential  impacts  of 
climate  change  in  the  United  States  and  that  responsibilities  for  such  issues  are  well  reflected  in 
the  slccriiiK  uniiiiiillccs  uii  science  piogiammcs.   Most  of  this  work  concludes  that  the 
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United  States  is  for  the  most  part  sensitive,  but  not  vulnciablc,  to  the  impacts  of  climate  change. 
This  implies  that  adaptation  is  a  concern  in  the  United  States  climate  change  strategy.    In  on 
assessment  of  1 1  sectors  with  regard  to  the  sensitivity  and  adaptability  of  both  human  activities 
and  natural  resources,  two  (industry  and  health)  were  identified  as  less  sensitive  (even  though 
health  was  reconsidered  recently),  seven  sensitive  and  two  problematic. 

70.  While  the  United  States  Is  a  world  leader  In  ad^catlon  research,  few  studies  have 
attempted  tu  compare  the  costs  of  adaptation  lilnilc^cs  with  the  cusl  uf  Krcciihuusc  ^as  mitigation 
strategics  because  it  is  difficult  to  assess  adaptation  costs  accurately  when  the  regional  impacts  of 
climate  change  are  highly  uncertain.   Consequently,  priorities  have  been  given  to  shorter  tcnn 
strategics. 

71.  At  this  time,  the  United  Sutes  Coastal  Zone  Management  Act  is  the  only  ji^ece  of  federal 
legislation  that  specifically  includes  provisions  to  tadlitate  climate  change  adaptation. 
Nnnethele.^^,  the  potential  impacts  of  climate  change  are  being  considered  in  a  number  of  other 
areas.  For  example,  hydroelectric  planners  must  now  take  into  account  the  potential  impact  of 
climate  change  un  future  waicx  levels.  Tlicrc  arc  proposals  fur  diauxcs  iu  llic  Qcaii  Walct  Act 
to  iiupiove  waiei'  use  efTiciency,  and  initiatives  to  accommodate  environmental  changes  in  thp 
agricultural  sector. 


VI.  FINANaAL  ASSISTANCE  AND  TECHNOrX)GY  TRANSFER 

Tl.       I'he  United  state.<;  did  not  directly  fund  the  pilot  phase  of  the  Global  Environment  Facility 
(GEF)  but  it  did  provide  parallel  finandnj.  After  the  restructuring  of  tlie  GEF,  die  United 
States  pledged  S430  million  to  its  flrst  offtdal  plia:><:.   United  Stales  urficlal  dcvclupmciil 
assistance  represented  O.IS  per  cent  of  its  GDP  in  1993  according  to  OECD  statistics. 

73.  The  team  considers  that  the  national  communication  went  well  beyond  the  reporting 
guidelines  in  this  area  and  found  the  detailed  description  of  bilateral  United  States  programmes 
that  are  helping  to  reduce  greenhouse  gas  emissions  in  developing  countries  particularly 
informative  and  useful. 

74.  ilie  team  was  particularly  imprcued  with  the  United  States  Country  Studies  Program. 
This  bilateral  initiative  assists  developing  countries  and  countries  with  economies  in  transition  in 
the  development  uf  greenhouse  gas  invcnlurics,  tlic  prcpardiiuii  uf  >;icciiliouse  gas  emission 
projections,  and  the  identification  of  actions  to  reduce  greenhouse  gas  emissions  or  enhance 
sinks.   Fifty-six  countries  arc  now  involved  in  the  Programme  and  the  earliest  initiatives  will 
reach  completion  in  1996. 

75.  The  United  States  has  clearly  made  climate  change  considerations  an  important 
component  of  its  international  assistance  programmes  and  funding  for  initiatives  related  to 
dimate  ciiange  mitigation  has  incjeased  in  recent  years.    Hor  199*^,  thp.  llnitc/l  .Stfltwv  Agency  for 
International  Development  is  seeking  $660  million  for  its  energy  and  environment  programmes, 
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S280  million  of  which  is  related  to  climate  change.  The  United  Suites  i$  also  encouraging 
multilateral  lending  instittirinn^  to  incorporate  the  same  concerns  into  dicir  lending  practices. 

76.  The  team  noted,  however,  that  it  is  not  at  all  clear  whether  the  United  States  Congress 
will  provide  the  funding  xequired  to  allow  the  United  States  to  maintain  its  current  level  of 
official  developmcnl  assistance  and  mea  its  financial  commitments  to  multilateral  institutions 
associated  with  the  climate  change  issue. 

Joint  implementation  /-{Activities  implementexi  Jointly  under  tbe  pilot  phaMsl 

77.  Since  the  national  communication  was  released,  the  Uiiiied  States  Initiative  on  Joint 
Implementation  (USfJI)  selected  Its  first  seven  private  sector  joint  implementation  projects  from 
3U  applications.  A  second  round  uf  project  applications  was  due  to  dose  in  July  1995,  with 
more  projects  being  approved  in  Novcmbcj'  December  1995.  It  ia  not  yet  doar  hfw  the  United 
States  private  auuLOi  wHl  rcjpond  to  the  second  call  for  projocta  after  the  Confojpjiflo  of  the 
Partiea  at  itj  fir  at  acasion  dcdsion  on  activitioo  implemented  jwntiy  under  the  pIkH  phoflO. 

78.  While  the  United  Statco  has  not  talcon  tho  ctfocte  of  any  Joint  Implemenbilioii  Liitlativej 
Brte-aooount  in  eonnootion-with  its  UNFCCn  ftommitmcnts,  it  The  United  States  has  established 
a  mechanism  to  monitor  and  remrd  the  greenhouse  gas  emission  reductions  achieved  through 
joint  implementation.   'Hie  team  noted  that  the  time  required  to  implement  these  projects  means 
that  it  is  likely  that  most  USUI  projects  will  not  reduce  greenhouse  gas  emissions  until  1997  or 
1998  and  will  not  have  anywhere  near  their  full  impact  on  such  emissions  before  the  year  2000. 


Vn.  RESEARCH  AND  SySTEMATIC  OBSERVATION 

79.       The  United  States  provided  a  dPJailed  overview  of  its  support  for  basic  and  applied 
research  on  climate  change  in  it^  national  communication  and  tlie  team  considers  that  the  United 
States  r^jpected  the  reporting  guidelines  in  this  area. 

Wl.  The  United  States  is  deaily  a  major  contributor  to  international  efforts  on  basic  climare 
change  science  and  applied  technological  research  and  development  Significant  resources  are 
being  put  into  lliesc  efforts.  The  United  States  government  is  providing  $1 .8  billion  a  year  for 
baiiic  climate  research  and  S2  billion  a  year  for  applied  research.  It  .<;hould  be  noted  that  while 
the  United  States  Government  accounts  for  80  per  cent  nf  basic  research  on  the  climate  change 
issue,  75  per  cent  of  the  applied  research  is  done  in  the  private  sector. 

81.       The  United  States  ovemment's  role  in  short-term  applied  research  is  Ukcly  to  decline  in 
the  future  as  there  is  a  growing  sentiment  within  llic  United  States  Congress  diat  such  research 
should  he  left  to  private  Industry.   Funding  for  more  basic  research  related  to  climate  change 
may  also  be  cuL 
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18. 
IX.       EDUCATION,  TRAINING  AND  PUBUC  AWARENKSS 

82.  State  and  local  governmenfj;  are  responsible  for  most  formal  education  prugrdiiiiiics  iii  ilie 
United  Stares.    Nonetheless,  the  national  commimicaiion  describes  several  programmes  that  the 
federal  Government  Is  Implementing  to  Incnaisc  public  awareness  and  provide  education  about 
the  climate  change  Issue  and  the  team  felt  tliat  the  national  communication  did  respect  the 
rqjoiting  guidelines  iii  tliis  area. 

83.  Many  of  the  educational  programmes  described  ia  the  national  communication  htp.  claseiy 
linked  with  scientific  research  programmes  on  climate  change.  This  linlfnee  hoa  been  developed 
out  ef  Booooaityi   While  the  United  Statcj  Govornmctnt  can  produce  and  discribuic  scientific 
information  that  can  be  used  by  advooitofl.  The  United  States  povemmeni  produceii  and 
distributes  OTftntific  and  technical  Information  that  can  be.  used  in  die  public  sector   although  it  is 
prohibited  by  law  fro  acting  as  an  advocate  for  a  particular  goal.  United  States  lavSJ  does  not 
permit  the  Government  to  be  a  public  advocate  on  the  clinuu  change  issue.   Thb  team  noted  that 
this  situation  dues  nut  pievail  in  all  OECD  countries. 

84.  During  its  visit  the  team  was  told  that  one  of  the  major  educational  initiatives  descJihc^  in 
the  national  communication,  the  GLOBE  programme  (Global  Learning  and  Observations  to 
Benefit  the  Environment),  was  likeJy  to  have  ite  fimding  significantly  cut  back  by  the  United 
States  Congress. 
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United  States  Statement  on  Advancing  Article  4.1  Commitments 

Third  Session  of  the  Ad  Hoc  Group  on  the  Berlin  Mandate 

March  7,  1996 


Mr.  Chainnan; 


I  would  like  to  take  this  opportunity  to  convey  our  thoughts  on  this  veiy  important  aspect  of  the  Beriin 
Mandate:  advancing  the  implementation  of  the  Parties'  existing  commitments  under  Aiticle'4',1  to  mitigate 
greenhouse  gas  emissions.   I  note  that  the  Secretariat  has  once  again  prepared  several  useful  documents 
relevant  to  this  discussion  and  I  would  like  to  thank  the  Secretariat  for  its  valuable  and  timely  work  in  this 

area. 

At  the  second  session  of  the  AGBM,  we  heard  presentations  from  a  number  of  parties  emphasizing  the    * 
positive  and  diverse  activities  they  are  undertaking  to  implement  their  existing  commitments  under  Article  4.1. 
We  listened  with  interest  to  these  presentations  and  were  impressed  with  the  wide  arny  of  activities.  We  are 
pleased  that  our  cooperative  work  with  many  other  countries  through  the  U.S.  Country  Studies  Program  has 
played  a  valued  role  in  their  programs  and  activities  addressing  climate  change. 

As  the  Secretariat  has  noted  in  document  FCCC/AGBM/1996/l/Add.l,  advancing  the  implementation  of 
Parties'  commitments  under  Article  4.1  entails  more  than  reporting  on  their  current  activities. 

The  United  States  believes  there  is  a  tremendous  potential  for  all  countries,  including  developing  countries,  to 
further  their  objectives  for  economic  development  and  growth  and  to  protect  the  earth's  climate  system  at  the- 
same  time.  The  IPCC  Second  Assessment  Report  concluded  that  there  is  a  range  of  policies  and  actions  taV- 
mitigate  greenhouse  gases  that  are  appropriate,  feasible,  and  cost-effective  for  all  Parties.  The  IPCC  report  ■ 
noted  that  many  opportunities  to  reduce  greenhouse  gas  emissions  at  little  or  no  cost,  or  even  at  a  profit,  are. 
available  to  developed  and  developing  countries  alike.  By  seizing  these  opportunities,  all  countries  can,  and 
must,  contribute  to  changing  the  path  of  dramatic  emissions  growth  that  the  worid  cunendy  faces.  •  - 

Finding  and  seizing  these  opportunities  are,  we  believe,  at  the  heart  of  the  obligation  of  all  countries  to 
advance  the  implementation  of  existing  commitments  under  Article  4.1. 

There  is  much  scope  for  developed  and  developing  countries  to  work  together  in  this  endeavor.  Through  the. 
Country  Studies  program,  which  I  have  already  mentioned,  the  United  States  has  been. able  to  provide 
developing  countries  and  countries  with  economies  in  transition  with  technical  and  financial  help  to 
understand  the  sources  of  greenhouse  gas  emissions  and  identify  attractive  options  to  reduce  them.  Through 
this  process,  and  similar  efforts  by  other  countries,  a  number  of  countries  have  built  invaluable  planning 
capacities  and  technical  capabilities  for  dealing  with  climate  change.     A  few  examples  may  help  illustrate  the 
breadth  and  significance  of  these  opportunities: 

Improved  refrigerator  designs  consume  less  energy  while^liminating  ozone-destroying  CFCs.  More 
efficient  refrigerators  translate  directly  into  reduced  pressure  on  scarce  capital  for  expansion  of  power 
production  and  transmission  capacity.  And  with  power  demands  reduced,  the  path  of  greenhouse  gas 
emissions  growth  can  be  reduced.  Design  codes  and  product  standards  for  buildings,  appliances  and 
other  equipment  may  also  be  useful  to  developing  countries. 

Nutritional  supplements  can  improve  the  health  and  productivity  of  cattle  —  and  reduce  their  methane 
emissions. 
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Methane  gas  can  be  profitably  recovered  from  coal  beds  before  coal  is  mined,  recovering  fuel  and 
reducing  accident  risks  while  preventing  greenhouse  emissions. 

Countries  can  also  improve  conditions  for  economic  development,  climate  protection  and  overall  *■ 

environmental  quality  by  identifying  and  eliminating  market  imperfections,  barriers  to  technological 
development  and  diffusion,  administrative  inefiQciencies  and  constraints,  and  legal  instabilities.   Such  actions 
lay  the  foundation  for  a  cost-effective  and  comprehensive  long-term  strategy  for  acfdressing  the  climate  change 
problem. 

The  United  States  believes  that  all  parties  have  the  opportunity  to  leani  firom  one  another  in  carrying  out  their 
Article  4.1  commitinents.  The  open  exchange  oTncpeiiences  and  information  is  critical  to  imderstanding^juiiL. 
overcoming  barriers  and  identifying  win-win  solutions.   To  this  end,  we  support  the  proposal  of  the  G-77  and 
China  for  additional  workshops  as  a  valuable  contribution  to  this  process.  There  may  also  be  value  in 
additional  meetings,  perhaps  on  a  regional  basis,  on  opportunities  to  adopt  best  practices  and  other  means  to 
promote  economic  growth  and  climate  protection  at  the  same  time. 

We  would  also  like  to  suggest  that  consideration  be  given  to  the  possibility  of  using  the  multilateral 
consultative  process  yet  to  be  defined  under  Article  13  as  a  vehicle  for  facilitating  the  implementation  of 
commitments  for  all  parties.    Such  a  process  could  draw  upon  the  expertise  of  a  range  of  technical  experts 
from  both  developed  and  developing  countries.  The  experts  vrauld  provide  advice  and  guidance  on  an  as- 
needed  basis  to  assist  parties  with  questions,  concerns  and  problems  relating  to  the  full  range  of  commitments: 
national  inventories,  assessment  of  mitigation  and  adaptation  options,  development  of  climate  response      .1^' 
strategies  and  programs  and  preparation  of  national  communications.  "--' 

An  additional  component  of  the  AGBM's  work  to  advance  the  implementation  of  Article  4.1  must  be  a  finn- 
commitment  to  an  ongoing  workprogram  on  technology.  We  fully  support  the  decisions  of  the  SBSTA  and 
SBI  on  thfese  matters  and  urge  that  the  Secretariat's  valuable  work  in  this  area  serve  as  a  initial  step  in  a  multi- 
pronged  effort  on  technology. 

Advancing  the  implementation  of  existing  commitments  will  be  a  long-term  process  for  all  parties.  We  see  it,- 
not  as  an  objective,  in  and  of  itself,  but  rather  as  a  foundation  laying  exercise.  What  we  are  seeking  to  do,  at'a 
national  and  global  level  is  to  lay  the  groundwork  for  a  long-term  strategy  to  meet  the  threat  of  climate 
change.  The  successful  implementation  of  such  as  strategy  is  the  key  to  our  sustainable  development 
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Table  4.1.1 

Global  Emission*  of  Direct  Greenhonse  Gases 

aS92a) 

122Q..2QQa.    221  JQSQ.  ZISSL 


^(?>&. 


CO2  Emissions  (Bt  C) 
Energy 
Deforestation 
Cement 
Total 

CH4  Emissions  (Tg) 

Energy  Production  and  Use 

Enteric  Fermentation 

Rice 

Animal  Wastes 

Landfills 

Biomass  Burning 

Domestic  Sewage 

Natural 

Total 

N2O.  Emissions  (Tg  N) 
Energy 

Fertilized  Soils 
Land  Qearing 
Adipic  Add 
Nitric  Acid 
Biomass  Burning 
Natural 
Total 

■  Halocarbons  (Idlotons) 
CFC-n 
CFC-12 
CFCin 
CFC-114 

CFC-ns 

Methyl  CSiloroform 

HCFC-22 

HCFC-123 

HCFC-141b 

HCrc-124 

HCFC-142b 

HCTC-225 

HFC-I34a 


6.0 

7.0 

10.7 

13.2 

19.8 

U 

U 

LI 

a8 

JQ.V 

02 

0.2 

0.4 

0.5 

0.6 

7.4 

&4 

12.2 

14.5 

203 

91 

94 

110 

140 

222 

84 

99 

138 

173 

198 

60 

66 

78 

87 

84 

26 

31 

43 

54 

62 

38 

42 

63 

93 

109 

28 

29 

32 

34 

33 

25 

29 

40 

47 

53 

155 

155 

155 

155 

155 

506 

545 

659 

785 

917 

0.4 

03 

0.7 

0.8 

0.8 

2.2 

2.7 

3.8 

4.2 

4.5 

0.8 

0.8 

1.0 

1.1 

1.0 

0.5 

0.6 

0.9 

1.1 

1.2 

0.2 

OJ 

0.4 

OJ 

0.5 

0.5 

0.6 

0.7 

0.7 

0.7 

8J 

8J 

8J 

83 

83 

119 

13.8 

15.8 

16.6 

17.0 

299 

168 

94 

85 

2 

363 

200 

98 

110 

1 

147 

29 

21 

24 

0 

13 

4 

3 

3 

0 

7 

5 

1 

1 

0 

119 

34 

19 

21 

0 

738 

353 

97 

110 

0 

138 

275 

530 

523 

614 

0 

44 

159 

214 

267 

0 

24 

82 

110 

138 

0 

7 

11 

15 

16 

0 

7 

11 

0 

0 

5 

17 

30 

38 

40 

0 

148 

467 

918 

1055 

101 


564 


Table  4.U 

Global  Emissions  of  Indirect  Greenhouse  Gases 

aS9Zn) 

1990    2000      202S     20S0     2100 


CO  EinissioDS  (Tg  Q 

Energy 

130 

140 

160 

219 

385 

Biomast  Burning 

297 

309 

341 

363 

353 

Plants 

43 

43 

43 

43 

43 

Oceans 

17 

17 

17 

17 

17 

WUdGres 

13 

13 

13 

U 

13 

Total 

499 

522 

574 

655 

811 

NO,  Emissions  (Tg  N) 

Energy 

25 

28 

43 

53 

72 

Biomass  Burning 

9 

9 

10 

11 

11 

Natural  Lands 

IX 

12 

12 

12 

12 

Lightning 

9 

9 

9 

9 

9 

Total 

55 

58 

74 

85 

104 

VOC  Emissions  by  Gas*  (Tg) 

ParafGns 

55 

59 

83 

104 

143 

Olefins 

42 

43 

49 

55 

64 

Aromatics 

15 

16 

21 

25 

34 

Other 

8 

8 

12 

15 

23 

Total 

121 

126 

165 

199 

264 

VOC  Emissions  by  Sector'  (Tg) 

Energy  Production  and  Use 

27 

30 

48 

64 

102 

Biomass  Burning 

53 

53 

54 

54 

52 

Industry 

23 

25 

36 

46 

62 

Other 

18 

19 

26 

35 

48 

Total 

121 

126 

165 

199 

264 

Sulfur  Emissions  (Tg  S) 

Energy  Production  and  Use 

65 

67 

101 

132 

123 

Biomass  Burning 

2 

2 

3 

3 

3 

Other  Industrial 

8 

10 

16 

19 

21 

Natural 

22 

22 

22 

22 

22 

Total 

98 

101 

141 

175 

169 

VOC  emissions  in  scenario  IS92a  differ  slightly  from  those  reported  in  IPCC  (1992)  reflecting  a 
correction  for  lower  growth  in  landfill  emissions. 


102 
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Tri>le  4.1J 

Global  EmlsdoBs  of  Direct  Greenhouse  Gases 

aS92b) 

1990   2QaL    2C2L  2050.  2100 

CX>2  Emicuons  (Bt  C) 

Energy  6.0  6£  lOJ  1Z5  1&6 

DeforesuUon  IJ  13  1.1  08  4X1 

Cement  02  02  04  OJ  06 

Total  7.4  &2  11.8  13.8  19.1 

Ca^  Emissions  (Tg) 

Energy  Production  and  Use 

Enteric  Fennentation 

Rice 

Animal  Wastes 

Landfills 

Biomass  Burning 

Domestic  Sewage   . 

Natural 

Total 

NjO  Emissions  (Tg  N) 
Energy 

Fertilized  Soils 
Land  C3earing 
Adipic  Add 
Nitric  Add 
Biomass  Burning 
Natural 
Total 

■  Halocarbons  (kilotons) 

a=c-ii 

CFC-12 
CFC.113 
CFC-114 
CFC-115 

Methyl  Chloroform 

HCFC-22 

HCFC-123 

HCFC-141b 

HCFC-124 

HCFC-142b 

HCFC-22S 

HFC-I34a  0      149.      489      946     1055 

103 


91 

94 

110 

140 

222 

84 

99 

138 

173 

198 

60 

66 

78 

87 

84 

26 

31 

43 

54 

62 

38 

42 

63 

93 

109 

28 

29 

32 

34 

33 

25 

29 

40 

47 

53 

155 

155 

155 

155 

155 

506 

545 

659 

785 

917 

04 

05 

07 

0.8 

0.8 

2.2 

17 

3.8 

A2 

4.5 

0.8 

08 

1.0 

J.l 

IJO 

05 

06 

09 

1.0 

1.1 

02 

03 

0.4 

0.5 

05 

0.5 

0.6 

07 

0.7 

0.7 

83 

83 

83 

83 

83 

119 

13.7 

15.7 

16.6 

16.9 

299 

162 

27 

0 

0 

363 

191 

9 

0 

0 

147 

26 

0 

0 

0 

13 

4 

0 

0 

0 

7 

5 

0 

0 

0 

119 

34 

0 

0 

0 

738 

353 

0 

0 

0 

138 

276 

539 

535 

614 

0 

44 

167 

226 

268 

0 

25 

86 

116 

139 

0 

7 

12 

16 

16 

0 

7 

11 

0 

0 

5 

17 

31 

40 

40 

566 


11^22  '95  19:05 


ID:SPF-301  Series 


FAX: 


PftGE 


Table  4.1.4 
Global  Bmlsslona  of  iDdireet  GreeDboase  Gasct 

aS92b) 

1990    2000      2S1    2021    2100 


CO  Emissions.  (Tg  C) 
'  Energy      ' 
Biomass  Burning 
Plants 
Oceans 
Wildfires 
Total 

NO,  Emissions  (Tg  N) 
Energy 

Biomass  Burning 
Natural  Lands 
Lightning 
Total 

VOC  Emissions  by  Gas  (Tg) 
Paraffins 
Olefins 
Aiomatics 
Other 
Total 

VOC  Emissions  by  Sector  (Tg) 
Energy  Production  and  Use 
Biomass  Burning 
Industry 
Other 
Total 

Sulfur  Emissions  (Tg  S) 

Energy  Production  and  Use 
Biomass  Burning 
Other  Industrial 
Natural 
Total 


130 

140 

160 

219 

385 

297 

309 

341 

363 

353 

43 

43 

43 

43 

43 

17 

17 

17 

17 

17 

13 

13 

13  • 

13 

13 

499 

522 

574 

655 

811 

25 

28 

43 

53 

72 

9 

9 

10 

11 

11 

.  12 

12 

12 

12 

12 

9 

9 

9 

9 

9 

55 

58 

74 

85 

104 

55 

58 

81 

101 

138 

42 

43 

49 

54 

63 

15 

16 

20 

24 

34 

8 

8 

11 

14 

22 

121 

124 

161 

194 

257 

27 

29 

47 

63 

100 

53 

53 

54 

54 

52 

23 

24 

35 

43 

59 

18 

18 

25 

34 

46 

121 

124 

161 

194 

257 

65 

66 

100 

128 

119 

2 

2 

3 

3 

3 

8 

9 

15 

18 

20 

22 

22 

22 

22 

22 

98 

100 

140 

171 

164 

104 


567 


11/22  '95  19:05       ID:SPF-301  Sef-ies 


FPX: 


PflGE      10 


Table  4.13 

Global  Emissions  of  DInct  Grecahouse  Gases  . 

aS92c) 

1990    2000      202S     20S0     2100 


CO2  Emissions  (Bt  C) 
Energy 
Deforestation 
Cement 
Total 

CH4  Emissions  (Tg) 

Energy  Production  and  Use 

Enteric  Fermentation 

Rice 

Animal  Wastes 

Landfills 

Biomass  Burning 

Domestic  Sewage 

Natural 

Tout 

N2O  Emissions  (Tg  N) 
Energy 

Fertilized  Soils 
Land  Gearing 
Adipic  Acid 
Nitric  Acid 
Biomass  Burning 
Natural 
Total 

Halocarbons  (kilotons) 
CFC-U 
CFC-12 
CFC-113 
CFC.114 
CFC-115 

Meth^  Chloroform 

HCFC-22 

HCFC-123 

HCFC-141b 

HCFC-124 

HCFC-142b 

HCFC-225 

HFC-134a 


6.0 

6.0 

7.4 

6J 

4.6 

IJ 

U 

LI 

a7 

•0L2 

Ol2 

0.2 

03 

03 

03 

7.4 

75 

8.8 

7J 

4.6 

91 

82 

76 

68 

50 

84 

97 

126 

140 

127 

60 

65 

73 

73 

47 

26 

30 

39 

44 

40 

38 

39 

53 

64 

68 

28 

29 

31 

32 

30 

25 

29 

36 

37 

30 

155 

155 

155 

155 

155 

506 

526 

589 

613 

546 

0.4 

0.4 

OJ 

0.4 

03 

2.2 

16 

3.5 

35 

18 

0.8 

0.8 

1.0 

1.0 

0.9 

0.5 

0.5 

0.7 

0.7 

OS 

0.2 

OJ 

0.4 

0.4  . 

03 

OJ 

0.6 

0.6 

0.7 

0.6 

8J 

83 

S3 

83 

83 

12,9 

13.6 

15.0 

15.0 

13.7 

299 

168 

94 

85 

2 

363 

200 

98 

110 

1 

147 

29 

21 

24 

0 

13 

4 

3 

3 

0 

7 

5 

1 

1 

0 

119 

34 

19 

21 

0 

738 

353 

97 

no 

0 

138 

275 

530 

523 

614 

0 

44 

159 

214 

267 

0 

24 

82 

110 

138 

0 

7 

11 

15 

16 

0 

7 

11 

0 

0 

5 

17 

30 

38 

40 

0 

148 

467 

918 

1055 

105 


568 


Table  4.U 

Global  Emissions  of  Indirect  Greenhouse  Gases. 

aS92c) 

1220.  2QQ(L  ^2L  2QSL  210Q 


CO  Emissions  (Tg  Q 
Energy 

Biomass  Burning 
Plants 
Oceans 
Wildfires 
Total 

NO.  Emissions  (Tg  N) 
Energy 

Biomass  Burning 
Natural  Lands 
Lightning 
Total 

VOC  Emissions  by  Gas  (Tg) 
Paraffins 
OleGns 
Aromatics 
Other 
Total 

VOC  Emissions  by  Sector  (Tg) 
Energy  Production  and  Use 
Biomass  Burning 
Industry 
Other 
Total 

Sulfur  Emissions  (Tg  S) 
Enetgy  Production  and. Use 
Biomass  Burning 
Other  Industrial 
Natural 
Total 


130 

121 

116 

122 

123 

297 

308 

337 

348 

321 

43 

43 

43 

43 

43 

17 

17 

17 

17 

•  17 

13 

13 

13 

13 

13 

499 

502 

526 

542 

517 

25 

26 

33 

31 

24 

9 

9 

10 

11 

10 

12 

12 

12 

12 

12 

9 

9 

9 

9 

9 

55 

56 

64 

63 

54 

55 

54 

70 

74 

65 

42 

42 

46 

47 

45 

15 

15 

18 

19 

18 

8 

7 

10 

10 

9 

121 

119 

143 

149 

136 

27 

26 

37 

40 

35 

53 

53 

54 

53 

51 

23 

22 

30 

32 

26 

18 

17 

22 

25 

23 

121 

119 

143 

149 

136 

65 

62 

78 

78 

43 

2 

2 

3 

3 

3 

8 

9 

12 

12 

9 

22 

22 

22 

22 

22 

98 

95 

115 

114 

77 

106 


569 


Table  4.1.7 

Global  Emtssloiu  of  Direct  Grceaboufe  Gates 

aS92d) 


1990  2SQSL   a!2L  2050.  ZiSSL 


CO2  Emusions  (Bt  Q 

Energy 

6lO 

6l4 

8.6 

8.4 

9.9 

DeforetUtioa 

12 

0.9 

03 

ai 

•0.1 

Cement 

02 

02 

0.4 

05 

0.6 

Total 

73 

7.5 

93 

9.0 

lOJ 

CH4  &nissIons  (jg) 

Eneigy  Production  and  Use 

91 

82 

67 

65 

74 

Enteric  Fcnnentation 

84 

97 

126 

140 

127 

Rke 

60 

65 

73 

73 

47 

Animal  Wastes 

26 

30 

39 

44 

40 

tandfOls 

38 

41 

60 

79 

68 

Biomass  Burning 

27 

27 

27 

28 

26 

Domestic  Sewage 

2S 

29 

36 

37 

30 

Natural 

155 

155 

155 

155 

155 

Total 

506 

526 

584 

.619 

567 

NjO  Emissions  (Tg  N) 

Energy 

0.4 

0.4 

0.8 

0.9 

1.0 

Fertilized  Soils 

2.2 

Z6 

3.5 

3J 

2A 

Land  Qearing 

0.8 

0.7 

0.7 

0.7 

0.7 

Adipic  Acid 

0.5 

0.5 

0.8 

1.0 

1.0 

Nitric  Acid 

0.2 

03 

0.4 

0.4 

OJ 

Biomass  Burning 

0.5 

0.5 

0.6 

0.6 

0J5 

Natural 

S3 

8.3 

&3 

S3 

83 

ToUl 

119 

13.5 

15.1 

15.4 

14J 

Halocarbons  (kiiotons) 

CFC-ll 

299 

156 

17 

0 

0 

CFC-12 

363 

172 

7 

0 

0 

CFC-113 

147 

26 

0 

0 

0 

CFC-114 

13 

4 

0 

0 

0 

CFC-115 

7 

5 

0 

0 

0 

€014 

119 

34 

0 

0 

0 

Methyl  Chloroform 

738 

170 

0 

0 

0 

HCFC-22 

138 

185 

19 

1 

0 

HCFC-123 

0 

73 

248 

85 

0 

HCFC-141b 

0 

0 

0 

0 

0 

HCFC-124 

0 

7 

11 

0 

0 

HCFC-142b 

0 

7 

11 

0 

0 

HCFC-225 

5 

17 

28 

0 

0 

HFC- 134a 

0 

170 

559 

1042 

1172 

107 


570 


Table  4.1.8 

Global  Emiulons  of  Indirect  Greenhonse  Gaces 

aS92d) 

1220.  2QQIL   2Q2L  22^  2100 


00  Emissions  (Tg  C) 
.  Energy 
Biomass  Buraing 
Planu 
Oceans 
Wildfires 
Total 

NO.  Emissions  (Tg  N) 
energy 

Biomass  Burning 
Natural  Lands 
Lightning 
Total 

VdC  Emissions  by  Oas  (Tg) 
Paraffins 
Olefins 
Aromatics 
Other 
Total 

VOC  Emissions  by  Sector  (Tg) 
Energy  Production  and  Use 
Biomass  Burning 
Industry 
Other 
Total 

Sulfur  Emissions  (Tg  S) 

Enetgy  Production  and  Use 
Biomass  Burning 
Other  Industrial 
Natural 
Total 


130 

127 

76 

76 

95 

293 

292 

292 

296 

282 

43 

43 

43 

43 

43 

17 

17 

17 

17 

17 

13 

13 

13 

13 

13 

496 

492 

440 

445 

450 

25 

27 

37 

45 

45 

8 

9 

9 

9 

8 

12 

12 

12 

12 

12 

9 

9 

9 

9 

9 

55 

56 

67 

75 

74 

55 

55 

59 

58 

55 

42 

41 

42 

41 

40 

15 

15 

16 

16 

16 

8 

8 

8 

8 

8 

121 

120 

125 

123 

118 

27 

27 

30 

'  30 

28 

53 

52 

50 

50 

49 

23 

23 

25 

25 

24 

18 

18 

19 

19 

17 

121 

120 

125 

123 

118 

65 

63 

65 

59 

44 

2 

2 

2 

2 

2 

8 

9 

15 

18 

18 

22 

22 

22 

22 

22 

98 

96 

104 

101 

87 

108 


571 


Table  4.1.9 

Global  EmlssloDS  of  Direct  Greenhouse  Gaees 

(IS92C) 

1990    2000      2025     20S0     2100 

CO2  Emissions  (Bt  C) 

Eoerfir  6.0  7.6  135  1&6  34.9 

Deforestation  13  13  1.1  0.8  -0.1 

Cement  02  0.2  0.S  0.7  1.1 

Total  7.4  9.1  15.1  20.1  35.8 

CH4  Emissions  (Tg) 

Energy  Production  and  Use  91      103        135       195       378 

Enteric  Fermentation 

Rice 
'    Animal  Wastes 

LandCUs 

Biomass  Burning 

Domestic  Sewage 

Natural 

Toul 

NjO  Bnissions  (Tg  N) 
Energy 

Fertilized  Soils 
Land  Clearing 
Adipic  Acid 
Nitric  Acid 
Biomass  Burning 
Natural 
Total 

Halocarbons  (Idlotons) 
CFC-11 
CFC-12 
CFC.113 
CFC-114 
CFC-115 

Methyl  Chloroform 

HCFC-22 

HCFC-123 

HCFC-141b 

HCFC-124 

HCFC-142b 

HCFC-225  5        17         28  0  0 

HFC-134a  0       170        559     1042      1172 

109 


84 

99 

138 

173 

198 

60 

66 

78 

87 

84 

26 

31 

43 

54 

62 

38 

43 

71 

99 

109 

28 

29 

32 

34 

33 

25 

29 

40 

47 

53 

155 

155 

155 

155 

155 

506 

556 

692 

845 

1072 

0.4 

0.5 

1.1 

1.5 

2.4 

Z2 

Z7 

3.8 

4.2 

45 

0.8 

0.8 

1.0 

1.1 

1.0 

0.5 

0.6 

1.0 

13 

1.8 

0.2 

03 

0.4 

.  0.5 

05 

0.5 

0.6 

0.7 

0.7 

0.7 

83 

83 

83 

83 

83 

12.9 

13.8 

163 

17.6 

19.1 

299 

156 

17 

0 

0 

363 

172 

7 

0 

0 

147 

26 

0 

0 

0 

13 

4 

0 

0 

0 

7 

5 

0 

0 

0 

119 

34 

0 

0 

0 

738 

170 

0 

0 

0 

138 

185 

19 

1 

0 

0 

73 

248 

85 

0 

0 

0 

0 

0 

0 

0 

7 

11 

0 

0 

0 

7 

11 

0 

0 

23-558    96-19 


572 


Table  4.1.10 

Global  Emissions  of  ladinct  Greenhoiise  Gases 

(IS92e) 

129(L  2QQQ.    2S2L  2Q5Q.  ZM. 


CO  Emissions  (Tg  C) 

Energy 

130 

152 

100 

111 

218 

Biomass  Burning 

297 

309 

341 

363 

353 

Plants 

43 

43 

43 

43 

43 

Oceans 

17 

17 

17 

17 

17 

Wildfires 

13 

13 

13 

13 

13 

Total 

499 

534 

514 

547 

644 

NOj,  Emissions  (Tg  N) 

Energy 

25 

29 

49 

66 

102 

Biomass  Burning 

9 

9 

10 

11 

11 

Natural  Lands 

12 

12 

12 

12 

12 

Lightning 

9 

9 

9 

9 

9 

Total 

55 

59 

81 

98 

134 

VOC  Emissions  by  Gas  (Tg) 

ParaKins 

55 

62 

99 

136 

228 

OleCns 

42 

44 

53 

62 

83 

Aromatics 

15 

17 

24 

32 

54 

Other 

8 

9 

14 

20 

38 

Total 

121 

131 

190 

250 

403 

VOC  Emissions  by  Sector  (Tg) 

Energy  Production  and  Use 

27 

32 

59 

89 

180 

Biomass  Burning 

53 

53 

54 

54 

52 

Industry 

23 

26 

45 

63 

103 

Other 

18 

20 

32 

44 

68 

Total 

121 

131 

190 

250 

403 

Sulfur  Emissions  (Tg  S) 

Energy  Production  and  Use 

65 

69 

120 

180 

196 

Biomass  Burning 

2 

2 

3 

3 

3 

Other  Industrial 

8 

10 

18 

24 

33 

Natural 

22 

22 

22 

22 

22 

Total  98   104   163   229   254 


110 


573 


Table  4.1.11 

Global  EmIssIOBB  of  Direct  Greenhouse  Gates . 

aS92i) 

122S.  2QQQ.   ^2L  2Q50.  2100 


CO2  Emissions  (Bt  Q 
Energy 
Deforestation 
Cement 
Total 

CH4  Emissions  (Tg) 

Energy  Production  and  Use 

Enteric  Fermentation 

Rice 

Animal  Wastes 

LandSlU 

Biomass  Burning 

Domestic  Sewage 

Natural 

Total 

NjO  Emissions  (Tg  N) 
Energy 

Fertilized  Soils 
Land  Qearing 
.   AdipicAcid 
Nitric  Acid 
Biomass  Burning 
Natural 
Total 

Halocarbons  (kilotons) 
CFC-11 
CFC-12 
C*C.113 
CFC-114 
CPC-J15 

ca. 

Methyl  Chloroform 

HCFC-22 

HCFC-123 

HCFCU141b 

HCFC-124 

HCFC-142b 

HCFC-225 

HFC-134a 


6.0  7J  12.6  15.8  2SS 

13  13  u  0.9  ao 

a2  02  a4  0.6  0.8 

7.4  &8  14.4  17.2  26.6 


91 

96 

128 

165 

288 

84 

98 

140 

176 

258 

60 

68 

85 

99 

107 

26 

31 

44 

55 

81 

38 

42 

67 

106 

162 

28 

29 

33 

35 

36 

25 

30 

45 

59 

83 

155 

155 

155 

155 

155 

506 

550 

697 

851 

1168 

0.4 

0.5 

0.8 

0.9 

1.1 

2.2 

Z7 

3.9 

4J 

5.8 

0.8 

0.8 

1.1 

1.1 

1.1 

OS 

0.6 

1.0 

1.2 

13 

a2 

03 

0.4 

05 

0.7 

0^ 

0.6 

0.7 

0.7 

0.8 

83 

83 

83 

83 

8.3 

119 

13.8 

16.2 

17.2 

19.0 

299 

168 

94 

85 

2 

363 

200 

98 

110 

1 

147 

29 

21 

24 

0 

13 

4 

3 

3 

0 

7 

5 

1 

1 

0 

119 

34 

19 

21 

0 

738 

353 

97 

no 

0 

138 

275 

530 

523 

614 

0 

44 

159 

214 

267 

0 

14 

82 

110 

138 

0 

7 

11 

15 

16 

0 

7 

11 

0 

0 

5 

17 

30 

38 

40 

148       467       918     1055 


111 


574 


Table  4.1.12 

Global  EmissioBS  of  Indirect  Greenhouse  Gases 

aS920 

1290.  2QQQ.   2ffll  2Q50.  2100 

CO  Emissions  (Tg  C) 

Energy  130      147       178      248      474 

Biomass  Burning 
.  Plants 
Oceans 
WOdGies 
ToUl 

NOj  Emissions  (Tg  N) 
Energy 

Biomass  Burning 
Natural  Lands 
Lightning 
Total 

VOC  Emissions  by  Gas  (T^ 
Paraffins 
OleSm 
Aiomatics 
Other 
Total 

VOC  Emissions  by  Sector  (Tg) 

Energy  Production  and  Use 

Biomass  Burning 

Indmtiy 

Other 
•     Total 

Sulfur  Emissions  (Tg  S) 

Energy  Production  and  Use 
Biomass  Burninig 
Other  Industrial 
Natural 
ToUl 


297 

311 

353 

376 

382 

43 

43 

43 

43 

43 

17 

17 

17 

17 

17 

13 

13 

13 

13 

13 

500 

530 

603 

697 

929 

25 

28 

46 

59 

85 

9 

9 

IL 

12 

13 

•12 

12 

12 

12 

12 

9 

9 

9 

9 

9 

55 

59 

78 

92 

119 

55 

61 

90 

116 

174 

42 

43 

51 

59 

75 

15 

16 

22 

27 

42 

8 

8 

13 

17 

27 

121 

129 

176 

218 

318 

27 

31 

53 

72 

125 

53 

53 

55 

55 

52 

23 

26 

39 

51 

75 

18 

20 

28 

40 

65 

121 

129 

176 

218 

318 

65 

68 

110 

151 

154 

2 

2 

3 

3 

3 

8 

10 

17 

20 

24 

22 

22 

22 

22 

22 

98 

102 

151 

196 

204 

112 


575 
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I.     INTRODUCTION 

A.   Mandate 

1.  At  its  first  session,  the  Conference  of  the  Parties  (COP)  by  its  decision  13/CP.l  on 
transfer  of  technology,  requested  the  Convention  secretariat  "to  prepare  an  inventory  and 
assessment  of  environmentally  sound  and  economically  viable  technologies  and  know-how 
conducive  to  mitigating  and  adapting  to  climate  change.   This  inventory  should  also  include 
an  elaboration  of  the  terms  under  which  transfers  of  such  technologies  and  know-how  could 
take  place"  (FCCC/CP/1995/7/Add.l). 

2.  The  COP  further  requested  the  secretariat  "to  submit  the  documents  ...  through  the 
Subsidiary  Body  for  Scientific  and  Technological  Advice,  to  the  Conference  of  the  Parties  at 
its  second  session,  and  to  update  them  at  regular  intervals  (each  interval  not  to  exceed  a 
year)  for  consideration  by  the  Conference  of  the  Parties  at  each  of  its  sessions;  [and]  to  take 
the  advice  of  the  Subsidiary  Body  for  Scientific  and  Technological  Advice  ...  in 
implementing  these  responsibilities  and  to  coordinate  this  matter  with  the  relevant 

United  Nations  agencies  and  other  organizations  and  institutions"  (FCCC/CP/1995/7/Add.l). 

3.  Furthermore,  the  Ad  Hoc  Group  on  the  Berlin  Mandate  (AGBM),  at  its  first  session, 
requested  the  Subsidiary  Body  for  Scientific  and  Technological  Advice  (SBSTA)  "to  provide, 
for  consideration  at  its  third  session  (4-8  March  1996),  a  report  on  innovative,  efficient  and 
state-of-the-art  technologies  and  know-how  that  could  advance  the  implementation  of  the 
Beriin  Mandate.   This  should  be  periodicaUy  updated"  (FCCC/AGBM/ 1995/2,  para.  19  (1)). 

4.  The  SBSTA  took  note  of  the  requests  for  inputs  from  the  AGBM  and  requested  the 
secretariat  "to  prepare  ...  an  initial  progress  report  relating  to  technology  identification, 
assessment  and  development,  as  well  as  an  inventory  of  state-of-the-art,  environmentally 
sound  and  economically  viable  technologies  and  know-how  conducive  to  mitigating  and 
adapting  to  climate  change,  in  implementation  of  decision  13/CP.l"  (FCCC/SBSTA/ 1995/3, 
para.  26). 

B.    Scope  of  the  note 

5.  This  note  contains  information  on  the  action  taken  so  far  by  the  secretariat  to  prepare 
an  inventory  and  assessment  of  technologies.    It  identifies  the  main  question,  "What  type  of 
information  on  technologies  and  know-how  would  be  most  useful  to  the  Parties?",  and  seeks 
guidance  on  a  number  of  issues  related  to  this  question,  as  well  as  describing  further  work  to 
be  undertaken.    The  term  "technologies  and  know-how",  as  used  in  this  report,  encompasses 
'soft  technologies'  and  'hard  technologies*.    Examples  of  'soft'  technologies  include 
capacity  building,  information  networks,  training,  and  research,  while  examples  of  'hard' 
technologies  include  equipment  and  products  to  control,  reduce  or  prevent  anthropogenic 
emissions  of  greenhouse  gases  in  the  energy,  transportation,  forestry,  agriculture,  and 
industry  sectors,  to  enhance  removals  by  sinks,  and  facilitate  adaptation. 
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6.  In  this  context,  the  secretariat  notes  that  the  language  in  decision  13/CP.l  and  the 
request  of  the  AGBM  differ:   the  former  uses  the  words  "environmentally  sound  and 
economically  viable"  and  the  latter  uses  the  words  "innovative,  efficient,  and 
state-of-the-art" .     This  initial  report  has  been  prepared  to  address  both  requests. 

7.  A  discussion  of  the  transfer  of  technology  by  Annex  n  Parties  may  be  found  in 
FCCC/1996/SBI/5  and  a  discussion  of  the  guidelines  for  the  preparation  of  first 
communications  may  be  found  in  FCCC/1996/SBSTA/3. 

C.   Action  bv  the  Subsidiary  Body  for  Scientific  and  Technological  Advice 

8.  The  SBSTA  may  wish  to  note  the  activities  of  the  secretariat  and  consider  the  issues 
raised  in  this  report,  particularly  the  priority  for  future  work.  It  may  also  wish  to  transmit 
its  conclusions  to  the  AGBM. 


n.     STEPS  IN  THE  PREPARATION  OF  THE  PRESENT  REPORT 

9.  As  its  first  step,  the  secretariat  sent  a  letter  to  the  145  Parties  to  the  Convention 
and  42  relevant  United  Nations  bodies  and  intergovernmental  organizations  on 

13  November  1995,  requesting  copies  of  reports  summarizing  information  on  mitigation  and 
adaptation  technologies  by  sectors  or  categories  rather  than  detailed  reports  on  specific 
technologies.     As  a  guide,  the  letters  contained  a  list  of  mitigation  technologies  provided  by 
the  Intergovernmental  Panel  on  Climate  Change  (IPCC)  in  its  Second  Assessment  Report, 
chapter  28,  "Inventory  of  technologies,  methods,  and  practices  for  reducing  emissions  of 
greenhouse  gases"  (FCCC/SBSTA/1996/7/Add.2). 

10.  Secondly,  the  secretariat  drew  upon  many  activities  already  under  way  in  relevant 
United  Nations  agencies  and  other  bodies.    For  example,  it  utilized  the  "Survey  of 
information  systems  related  to  environmentally  sound  technologies"  prepared  by  the 
United  Nations  Environment  Programme  (UNEP)  in  April  1995.   The  survey  identifies  51 
institutions  that  operate  information  systems  on  environmentally  sound  technologies,  many 
related  to  climate  change  issues.   Thirty-three  of  the  institutions  that  were  likely  to  have 
information  on  mitigation  and  adaptation  technologies  and  know-how,  as  referred  to  in 
decision  13/CP.l,  were  contacted.   In  addition,  the  secretariat  expanded  collaboration  with 
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the  United  Nations  Industrial  Development  Organization  (UNIDO)  which  has  an  information 
system  and  experience  with  industrial  processes  in  developing  coimthes.  The  secretariat  also 
used  the  Internet*  to  begin  searcliing  for  additional  on-line  information  sources. 

1 1 .  Finally,  the  secretariat  designed  a  database  to  organize  the  information  received  fix>m 
contributing  Parties,  specialized  agencies  and  other  bodies  of  the  United  Nations  system, 
intergovernmental  organizations,  and  other  institutions  and  organizations.   It  contains  written 
materials,  technical  reports,  journal  articles,  books,  and  reports  on  conferences  and 
workshops.   In  addition,  information  is  available  on  institutions,  information  centres, 
databases,  and  "web  sites"  which  disseminate  information  on  mitigation  and  adaptation 
technologies. 

12.  For  illustrative  purposes,  the  contents  of  the  database  are  reproduced  in  the  addendum 
to  this  dociunent  (see  FCCC/SBST A/1996/ Add.  1)  and  arranged  according  to  the  contributing 
entity,  that  is,  contributing  Parties,  United  Nations  Secretariat  units  and  other  bodies, 
specialized  agencies  and  other  organizations  of  the  United  Nations  system,  intergovernmental 
organizations,  and  other  institutions  and  organizations.   The  structure  comprises  the  report  - 
title,  issuing  organization,  an  abstract  of  the  content,  intended  users,  types  of  technologies 
considered,  access,  and  price.   The  database  is  still  in  a  preliminary  stage  and  can  be 
expanded  and  adapted  to  meet  specific  needs.   In  the  future,  records  could  be  sorted  by 
different  categories  and  searches  undertaken. 


m.     GENERAL  RESULTS  CONCERNING  SOURCES  OF  INFORMATION 

13.  The  secretariat  received  31  responses  from  Parties  an^  intergovernmental 
organizations  to  its  request  for  information  by  15  January  1996.    In  addition,  it  received 
seven  responses  to  inquiries  made  via  electronic  means.   Four  Parties  acknowledged  the 
letter,  but  did  not  provide  specific  information  and  are  therefore  not  represented  in  the 
database. 

14.  The  information  forwarded  to  the  secretariat  revealed  that  a  large  number  of 
technologies  are  either  currently  being  developed  or  are  in  use.   This  information  is  available 
via: 


'*'    The  Internet  was  developed  to  enable  researchers  to  transfer  infonnation  electronically.   Since  then  it 
has  become  a  world-wide  network  through  which  texts,  images  and  personal  messages  are  exchanged 
electronically  over  long  distances  almost  immediately.'  It  is  growing  rapidly  and  now  has  some  40  million  users 
in  the  world  of  which  about  half  are  in  North  America.   The  World  Wide  Web,  one  service  of  the  Internet,  is  a 
tool  to  make  information  publicly  available.    Organizations,  institutions,  companies,  and  individuals  establish 
"home  pages"  and  "web  sites"  to  enable  users  to  access  information  (some  free  of  charge  and  others  for  a  fee). 
In  some  countries,  the  high  cost  to  users  of  being  connected  to  the  Internet,  insufficient  telecommunication 
infrastructure  and  other  factors,  may  currently  limit  access  to  Internet. 
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(a)  Written  materials.   Journal  articles,  technical  reports,  books,  and  newsletters 
(such  as  the  International  Energy  Agency /Organisation  for  Economic  Co-operation  and 
Development  (lEA/OECD))  study  "Energy  and  environmental  technologies  to  respond  to 
global  climate  change  concerns"); 

(b)  Databases.   Information  stored  in  computerized  databases,  which  can  be 
obtained  on  diskette  or  accessed  on-line.   In  addition,  a  hard  copy  of  information  contained 
in  the  database  is  often  available  upon  request  (for  example.  The  Greenhouse  Gas  Technology 
Information  Exchange  (GREENTIE)  Directory  listing  30(X)  research  institutions  and 
technology  suppliers); 

(c)  Workshops  and  training  courses.   Some  institutions  conduct  workshops  and 
training  programmes  on  specific  technologies  (for  example,  the  training  courses  on 
environmental  mformation  services  conducted  by  the  Environmental  Systems  Information 
Centre  (ENSIC),  Bangkok.). 

15.       The  type  of  information  available  on  technologies  varies  considerably.   For 
illustrative  purposes,  table  1  below  gives  selected  examples  of  different  types  of  reports. 
However,  in  many  cases  it  is  difficult  to  categorize  a  report  since  the  contents  address 
several  subject  areas. 
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TABLE  1.    EXAMPLES  OF  DIFFERENT  TYPES  OF  REPORTS 


Content 

Description 

Example 

Research  and 
development  projects 

A  description  of  laboratory,  bench 
scale  or  other  experimaits 

"Solar  thermal  power  and  solar  chemical 
systems",  SolarPACES,  lEA,  1994 

Demonstration  projects 

A  dMcription  of  technology  or 
practices  tested  on  a  small  or 
limited  scale 

"Photovoltaics  provide  electricity  to  rural 
communities  in  the  Philippines",  Centre  for  the 
Aiudysis  and  Dissemination  of  Demonstrated 
Energy  Technologies  (CADDET),  1995 

Product  description 

A  catalogue  of  technical  information 
and  prices  for  specific  products 

'The  Australian  renewable  energy  industry", 
Dq)artment  of  Primary  Industries  and  Energy, 
Australia,  1993 

Multiple  tedmology 
assessment 

A  comparative  analysis  of  the 
performance,  enviroimiental 
impacts,  and  cost  of  several 
technologies  or  practices 

"Options  for  reducing  methane  emissions 
internationally,  vol.  1:  technology  options'. 
United  States  Environmental  Protection 
Agency,  1993 

Programme  report 

The  results  of  a  progranune 
conducted  over  a  mmiber  of  years  to 
develop  or  introduce  a  technology 
or  process  in  a  country  or  region 

"Implementation  programme:  reduction  of 
environmental  impact  from  coal  in 
Central/Eastern  Europe",  United  Nations 
Development  Programme  (UNDP),  1995 

Case  study 

A  summary  of  the  technical, 
financial,  institutional,  and  other 
aspects  associated  with  deploying  a 
new  technology  in  a  coimtry  or 
region 

"Local  and  regional  energy-related 
environmental  issues",  World  Energy  Council 
(WEC),  1995 

Cost-effectiveness 
study 

A  smdy  of  the  costs  of  different 
technologies 

'Renewable  energy  technologies:  a  review  of 
the  stams  and  cost  of  selected  technologies", 
World  Bank,  1994 

Government  policy 
report 

An  integrated  report  on  policies, 
measures,  and  technologies 

"Energy  management  in  Africa",  African 
Energy  Policy  Research  Network 
(AFREPREN),  1992 

Bibliogr^hy 

A  description  and  identification  of 
reports,  date  of  issue,  and 
authorship 

"Energy  conservation  in  industry".  Industrial 
and  Technological  Infonnation  Bank  (INTIB), 
United  Nations  Industrial  Development 
Organization  (UNIDO),  1994 

Institutional  directory 

A  list  of  organizations  working  on  a 
particular  technology 

Iniemational  Directory  of  Energy  Efficiency 
Institutions,  World  Energy  Efficiency 
Association  (WEEA),  1995 

16.      -Three  examples  are  described  below  in  more  detail: 


(a)       The  "Inventory  of  technologies,  methods,  and  practices  for  reducing  emissions 
of  greenhouse  gases" ,  chapter  28  of  the  IPCC  Second  Assessment  Report  provides  specific 
data  on  105  mitigation  technology  options,  such  as,  technical  and  environmental 
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cbaracteristics,  cost,  implementation  requirements,  and  references.   The  major  objective  of 
this  inventory  is  to  provide  a  data  source  on  energy  supply  and  end-use  technologies,  as  well 
as  on  industrial,  agricultural  and  forestry  practices.   Furthermore,  it  provides  a  conunon 
format  for  documenting  and  exchanging  technical,  economic  and  operational  data  on  various 
technology  systems.   It  does  not  include  adaptation  technologies; 

(b)  The  'Survey  of  information  systems  related  to  environmentally  sound 
technologies"  prepared  by  UNEP  in  April  1995  identified  51  information  systems  providing 
information  on  environmentally  sound  technologies,  many  of  which  are  applicable  to  climate 
change  issues.   Expert  meetings  and  a  further  assessment  of  user  needs  will  contribute  to  a 
new  version  of  the  survey  report  in  April  19%.   A  database  and  catalogue  of  information 
systems  relating  to  environmentally  sound  technology  will  become  available  on  diskette 
and/or  the  Internet  in  the  future; 

(c)  The  lEA/OECD  Greenhouse  Gas  Technology  Irtformation  Exchange 
(GREENTIE)  Directory  is  intended  to  facilitate  the  transfer  of  greenhouse  gas  technology,  in 
line  with  the  IPCC  list  of  105  technologies.   It  has  established  and  maintains  a  database  of 
3,000  sources  of  expertise  on  environmentally  sound  technologies  for  greenhouse  gas 
emission  reduction.   GREENTIE  provides  an  inquiry  service,  a  printed  directory,  CD-ROM, 
and  Internet  access.   Farticipating  Governments  pay  the  costs  of  operating  the  service  as  well 
as  identifying  national  centres  of  expertise  and  submitting  this  information  to  the  database. 

17.  The  secretariat  also  found  that  the  transfer  of  information  electronically  is  expanding 
Rq>idly.   Many  Governments,  intergovernmental  organizations,  corporations,  and  universities 
use  fax  machines,  electronic  mail  (e-mail),  and  have  'web  sites'  to  transfer  data,  text,  and 
graphics.   For  exanq>le,  the  United  States  Department  of  Energy  has  an  Energy  Efficiency 
and  Renewable  Energy  'web  site'  that  provides  links  to  over  200  national  and  inteinational 
'web  sites'.   In  mai^  cases,  these  200  'web  sites'  lead  to  additional  sites  with 
unp>«cedented  amounts  of  infonnation.  There  are  therefore  numerous  sources  of  data,  but  it 
is  difficult  to  assess  the  quality  of  the  information.   The  simple  steps  taken  by  the  secretariat 
in  this  regard  are  identified  later  in  this  rqwrt. 

18.  In  prepariitg  this  rqxnt  the  secretariat  was  confronted  with  several  challenges, 
including: 

(a)       Accessing  infonnation.   As  stated  previously,  there  are  many  sources  of 
information  on  technslogy  and  practices.   In  most  cases  the  challenge  is  to  know  where  to 
look  and  what  to  ask  for.   In  a  few  cases,  information  was  unavailable  because  it  was  out  of 
print  or  could  only  be  obtained  for  a  fee.   Almost  all  organizations  exhibited  a  willingness  to 
provide  information.  Many  indicated  that  this  would  be  made  easier  if  the  Parties  decided  to 
narrow  the  focus  of  their  requests; 
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(b)  Comparing  data.   The  secretariat  has  not  attempted  to  develop  a  structw^  for 
synthesizing  qualitative  information,  a  common  format  for  assessing  technologies,  or  a  means 
of  comparing  data  on  specific  technologies.   Each  of  these  aspects  represents  a  different  level 
of  complexity  that  should  reflect  the  needs  of  the  Parties; 

(c)  Presenting  information.   The  information  collected  and  synthesized  by  the 
secretariat  must  be  presented  in  a  clear  and  comprehensible  manner  and  meet  the  needs  of  all 
Parties.   In  so  far  as  this  is  a  new  activity,  the  secretariat  has  not  yet  developed  a  structure 
or  format  for  presenting  information; 

(d)  Collecting  information  from  non-povemmental  institutions.   The  initial  letter 
from  the  secretariat  requesting  information  on  technology  and  practices  was  addressed  to 
Parties  and  intergovernmental  organizations.   The  secretariat  encouraged  Parties  to  identify 
information  from  other  sources,  such  as  universities,  environmental  organizations,  and 
private  sector  laboratories.   Although  relatively  little  information  was  transmitted  from 
non-governmental  institutions  to  the  secretariat  in  response  to  its  initial  letter,  the  secretariat 
nevertheless  routinely  receives  some  information  directly  from  such  sources; 

(e)  Adaptation  technologies  and  practices.   Little  specific  information  has  been 
collected  on  adaptation  technologies  and  practice  although  the  subject  is  treated  broadly  in  the 
IPCC  Second  Assessment  Report.   This  may  be  due  to  a  lack  of  awareness  in  many 
organizations  as  to  what  constitutes  an  adaptation  technology  or  practice. 


IV.    ISSUES  THAT  THE  SUBSIDIARY  BODY  FOR  SCIENTIFIC 
AND  TECHNOLOGICAL  ADVICE  MAY  CONSIDER 

19.  This  initial  attempt  by  the  secretariat  to  inventory  information  on  technologies  and 
know-how  conducive  to  mitigating  and  adapting  to  climate  change  demonstrates  that  a  great 
deal  of  information  is  available  from  Parties,  intergovenmiental  institutions,  and  the  private 
sector.   As  discussed  earlier,  the  current  information  ranges  from  data  on  specific  products 
and  vendors  to  case  smdies  describing  the  introduction  of  a  new  technology  in  a  country. 

20.  Decision  13/CP.l,  while  recalling  the  provisions  of  chapter  34  of  Agenda  21  and  the 
relevant  provisions  of  the  Convention,  provides  only  broad  guidance  concerning  the  scope  of 
such  technology  assessments  to  be  undertaken  by  the  secretariat.    In  order  to  offer  more 
focused  guidance,  the  SBSTA  may  consider  several  issues. 

A.   Objectives 

21.  What  should  be  the  objective(s)  of  future  technology  assessments?   For  example, 
should  assessments  provide  information  to  assist  developing  countries  in  formulating  and 
implementing  national  programmes  to  mitigate  and  adapt  to  climate  change?   Should 
assessments  provide  information  to  inform  Annex  I  Parties  about  technologies  that  could 
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support  a  process  of  developing  policies  and  measures?   Or  should  both,  and  or  others,  be 
considered?  In  this  regard,  the  SBSTA  may  wish  to  refer  to  the  note  prepared  by  the 
secretariat  on  policies  and  measures  (FCCC/AGBM/19%/2). 

B.   Use  of  information 

22.       How  will  the  information  be  used  and  by  whom?  Table  2  provides  examples,  as 
taken  in  modified  form  from  the  1995  Second  Assessment  Report  of  the  IPCC  Working 
Group  n,  chapter  27,  of  the  different  levels  of  decision-making  and  typical  questions  that 
may  be  addressed.   In  this  regard,  it  is  apparent  that  the  type  of  information  that  would  be 
useful  in  preparing  a  request  for  tenders  to  build  a  200  megawatt  electricity  plant  in  a 
specific  location  would  be  very  different  from  the  information  needed  to  prepare  a  national 
communication. 

TABLE  2.   ILLUSnUTIVE  DECISIWI-MAKING  LEVELS  AND 
TYPICAL  TECHNOLOGY  QUECTI(»«IS 


Levdof 
dedsionHiiakiiig 

Possible  decision  malien 

Typical  questions 

Cross-sectoral/ 
r^onal 

What  should  be  the  national  expenditure  for  energy 
and  agriculture? 

Sectoral 

Minister 

Which  policies  and  technologies  are  needed  to  achieve 
national  goals? 

Programme 

Administrator/  Senior 
Corporate  Executive 

What  technologies  are  available  to  achieve  regional  or 
corporate  objectives? 

Progcct 

Senior  Corporate 
Executive/Municipal  Official 

Which  particular  projects  or  facilities  will  provide  the 
highest  return  for  an  investment? 

Facility 

Plant  Manager 

What  molon  should  be  purchased  and  from  whidi 
vendor? 

C.   Types  of  reports 

23.       Should  any  particular  sectors,  as,  for  example,  energy,  industry,  transport, 
agriculture,  forestry,s>r  waste  management,  be  given  priority  in  future  assessments?  Should 
the  reports  be  of  a  particular  type,  for  example,  case  studies?  Given  the  request  of  the  COP 
to  the  Convention  secretariat  to  prepare  documents  for  consideration  at  regular  intervals 
(each  interval  not  to  exceed  a  year),  should  these  reports  be  very  broad  or  should  a  series  of 
reports  that  focus  on  specific  topics  be  developed  over  the  next  several  years? 
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D.    Adaptation  technologies 


24.  This  report  and  the  note  prepared  by  the  secretariat  on  transfer  of  technology 
(FCCC/SBI/ 1996/5)  contain  relatively  little  information  on  adaptation  technologies.   This 
may  be  partially  due  to  a  lack  of  understanding  over  what  constitutes  an  ada^'ation 
technology  or  process  and  as  such  is  a  fundamental  problem  that  may  be  solved  if  categories 
of  adaptation  technologies  and  processes  could  be  developed  and  elaborated  upon.   The 
SBSTA  may  wish  to  consider  whether  this  aspect  of  the  request  to  the  secretariat  under 
decision  13/CP.l  would  initially  benefit  from  consideration  by  the  intergovernmental 
technical  advisory  panel,  should  one  be  established,  or  the  IPCC.   The  SBSTA  may  also 
wish  to  refer  to  the  provisional  tasks  identified  in  FCCC/SBSTA/ 1996/2. 

E.    Research  and  development 

25.  Technologies  that  are  in  the  research  and  development  (R&D)  stage  represent  one 
form  of  "iimovative"  technology,  although  other  technologies  may  also  fall  into  this  category. 
Information  on  technologies  that  may  emerge  from  R&D  laboratories  could  be  useful  for  a 
number  of  purposes,  for  example,  in  mathematical  models  that  develop  national  scenarios  of 
future  emissions  or  to  guide  international  R&D  priorities.   In  some  cases,  however, 
information  on  technologies  in  the  R&D  stage  may  be  difficult  to  obtain  because  it  is 
considered  proprietary  or  simply  has  not  been  published  in  the  literature  available  to  the 
public.    Nevertheless,  considerable  information  could  be  assembled,  and  Parties  may  wish  to 
consider  whether  this  aspect  of  the  technology  assessment  should  be  undertaken  by  either  the 
intergovernmental  technical  advisory  panel,  should  one  be  established,  or  the  IPCC. 


V.     FURTHER  WORK* 

26.       There  was  relatively  little  time  for  many  Parties  and  intergovernmental  organizations 
to  respond  to  the  request  by  the  secretariat  for  information  on  technology.   The  secretariat 
believes  that  many  other  valuable  reports  and  information  sources  exist  and  could  be  made 
available  to  the  Parties,  given  additional  time.   It  therefore  encourages  Parties  or 
intergovernmental  organizations  to  forward  existing  materials  to  the  secretariat  as  well  as 
providing  new  information  as  it  becomes  available.   (It  would  be  desirable  for  the  secretariat 
to  receive  technology  information  routinely  to  serve  as  a  basis  for  future  reports.)   The 
secretariat  will  revise  its  technology  database,  improve  the  presentation,  provide  a  regularly 
updated  compilation  of  information  to  the  SBSTA,  and  draw  up  a  long-term  work 
programme.   (See  also  FCCC/SBI/ 1996/4). 
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27.  The  secretariat  notes  that  considerable  interest  exists  in  finding  approaches  to  promote 
the  diffusion  and  commercialization  of  innovative  and  environmentally  sound  technologies. 

A  nimiber  of  approaches  are  identified  in  the  note  by  the  secretariat  on  policies  and  measures 
(FCCC/AGBM/ 1996/2).   Since  technology  penetrates  the  market  at  different  rates  due  to 
many  factors,  it  may  be  useful  for  the  Parties  to  have  information  on  specific  technologies  to 
support  future  consideration  of  this  issue. 

28.  In  the  future,  the  work  of  the  secretariat  in  inventorying  and  assessing  technologies 
would  be  related  to  the  tasks  undertaken  by  an  intergovernmental  technical  advisory  panel 
dealing  with  technologies,  once  established.    Indeed,  some  aspects  of  the  inventory  and 
assessment  process  as  has  been  indicated  above,  may  benefit  from  groundwork  by  such  a 
panel.   In  other  cases,  reports  prepared  by  the  secretariat  could  be  sent  to  the  panel  for 
technical  comments. 

29.  Currently,  the  secretariat  provides  information  on  the  World  Wide  Web  (at  the 
address  http://www.unep.ch/iucc.html),  including  access  to  official  UNFCCC  documents  that 
have  been  developed  by  the  secretariat,  and  other  relevant  reports.   The  "home  page"  of  the 
secretariat  on  the  World  Wide  Web  also  provides  direct  links  to  other  organizations  that  have 
World  Wide  Web  sites.   For  example,  it  provides  a  direct  link  to  the  GREENTIE  technology 
database  of  the  BEA.   These  activities  are  currently  supplementing  the  more  usual  transfer  of 
information  through  documents  prepared  for  sessions  of  the  bodies  of  the  Convention.   This 
facility  will  be  improved  during  1996  as  part  of  an  overall  upgrading  of  the  information 
outreach  activities  of  the  secretariat.   The  secretariat  will  make  its  technology  inventor^' 
database  available  through  this  means,  as  well  as  in  hard  copy,  and  will  develop  direct  links, 
as  time  permits,  with  other  "web  sites"  to  assist  Parties  to  obtain  technology  information  as 
rapidly  as  possible. 

30.  The  secretariat  has  not  yet  addressed  the  issue  of  "elaboration  of  the  terms"  referred 
to  in  decision  13/CP.l.    An  initial  treatment  of  this  issue  will  be  imdertaken  in  a  future 
report.   The  secretariat  has  begun  to  collect  information  on  global  financing  requirements  for 
key  sectors  over  the  next  few  decades  and  options  to  meet  these  needs. 
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of  change  in  the  variou<;  indices  of  human  health  that  will  piovidc  early  insight  and  will  assist  funhcr  the 
development  of  predictive  mo<Ieling. 

There  is  thus  a  clear  need  for  enlianced  research  and  monitoring  activities.  This  need  reflects  the  assessment 
ihai  the  potential  health  impacts  of  climate  change,  particularly  if  sustained  in  the  longer  term  and  if  generally 
advcTK,  could  be  a  serious  consequence  of  the  ongoing  anthropogenic  changes  in  the  compusiiion  of  Earth's 
atmosphere. 
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COMMISSION  ON  GEOSCIENCES,  ENVIRONMENT,  AND  RESOURCES 
2101  Constitution  Avenue        Washington,  D.C.  20418 

BOARD  ON  ATMOSPHERIC  SCIENCES  AND  CLIMATE  Office  Location:  Harris  Building,  Room  464 

Director;  William  A.  Sprigg,  Ph.D.  2001  Wisconsin  Avenue,  NW 

Washington,  D.C  20007 
Telephone:  (202)334-3512 
Fax:  (202)334-3825 

Direct  tel:   (202)  334-3515 
E-mail:    wspriggignas.edu 

August  28,  1995 

Ms.  Claudia  Nierenberg 
NOAA/Office  of  Global  Programs 
1100  Wayne  Avenue,  Suite  1225 
Silver  Spring,  MD  20910 

Dear  Ms.  Nierenberg: 

Following  up  on  our  recent  conversation,  enclosed  is  our  proposal  to  develop  a  global 
research  agenda  to  address  climate  impacts  on  health.  The  study  will  be  conducted  jointly 
by  the  Institute  of  Medicine  and  the  National  Academy  of  Sciences.   The  National  Research 
Council's  Board  on  Atmospheric  Sciences  and  Climate  has  the  lead. 

The  proposal  stems  from  the  Climate  Research  Committee  meeting  on  May  9,  where  the 
evidence  was  presented  that  urged  more  diligent  examination  of  the  evidence  and 
development  of  an  appropriate  global  research  agenda.  The  NRC  Governing  Board 
endorsed  a  proposal  to  establish  a  study  committee  if  support  could  be  obtained. 

The  new  committee  (joint  between  lOM  and  NAS)  would  publish  3  reports:   first,  a 
statement  of  the  problem  and  cardinal  issues;  second,  an  assessment  of  the  state-of-the- 
science;  and  third,  a  global,  multi-disciplinary  research  strategy.   We  want  to  do  a  thorough 
job,  separating  solid  and  not-so-solid  evidence  regarding  the  purported  connection  between 
climate  and  health.  And,  we  want  a  consensus  view  from  the  leading  thinkers  as  to  what 
should  be  done  next.  A  three-year  term  for  the  committee,  and  two  intemational 
workshops,  are  envisioned. 

In  order  to  develop  a  research  agenda  that  intemational  and  national  agencies  can 
implement  without  delay,  the  new  committee  would  have  to  focus  itself,  I  believe,  on  a 
problem  with  fairly,  defined  bounds.   Thus,  1  think  the  committee  will  quickly  review  all  the 
weather/climate/health  issues  (including  air  quality,  heat  stroke,  radiation  and  cancer,  for 
example)  but  nan-ow  its  aim  to  "the  emergence  and  spread  of  infectious  diseases."  The 
specific  charge  to  the  new  committee  should  be  developed  through  consultation  with  the 
likes  of  you,  Duane  Gubler,  Joel  Scheraga,  and  others  with  a  stake  in  the  outcome,  and 
with  NAS  and  lOM  members  and  staff.   The  charge  could  state,  for  example,  that  the 
committee  should  survey  and  assess  the  evidence  for  links  between  climate  and  health  and 
develop  a  global  research  and  infomnation  dissemination  strategy  that  goes  beyond  our 
present  capabilities.   The  global  strategy  should,  perhaps,  continue  investigation  of  new  and 
important  links  between  climate  and  disease,  develop  infonnation  products  for  health  care 
providers,  integrate  observing  and  modeling  technologies,  create  appropriate 


The  National  Rtsairch  Counat  is  the  prmapal  operatmg  agency  of  the  National  Academif  of  Scienses  end  the  National  Acaiemij  of  Enifir 
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surveillance  methodologies,  and  so  on.  We  believe  very  strongly  that  many  of  your 
interests  are  involved  here,  including  assignment  of  useful  tasks  to  the  IRICP,  targeting  of 
El  Nino  impacts,  bolstering  the  raison  d'etre  for  GOALS,  and  providing  an  opportunity  to 
develop  an  intemational  program  of  considerable  magnitude  on  the  human  dimensions  of 
climate  fluctuations. 

We  have  significant  interest  from  very  good  people  who  would  serve  on  the  panel  including 
Bob  Shope,  Rita  Coiwell,  Paul  Epstein,  Mark  Wilson,  Tom  Karl,  Jenry  Mahlman,  Ed 
Sarachik,  and  Eric  Ban-on,  to  name  a  few. 

The  WHO  endorses  the  idea.   I  am  sure  I  will  have  no  problem  engaging  the  WMO.  The 
international  organizations  will  pay  for  some  travel,  provide  data,  and  assist  in  just  about  all 
ways  except  pay  for  U.S.  travel,  meeting  costs,  salaries,  overhead,  and  supplies.  The  EPA 
has  already  provided  $25,000  to  keep  the  planning  moving  along.   Preliminary  talks  with  the 
NSF  indicate  they  will  help  support  the  committee.    If  NOAA/OGP,  along  with  USAMRIID, 
EPA,  NASA,    CDC,  and  NSF  each  contribute  $75,000  for  FY  1996,  we  cah  proceed  on  a 
firm  footing.   I  am  also  contacting  the  State  Department  and  USAID  to  see  if  they  would  co- 
sponsor  the  study.   I  have  been  asked  to  submit  the  proposal  to  the  Burroughs  Wellcome 
Fund  for  possible  support  of  one  of  the  two  intemational  workshops.   My  hope  is  that  the 
agencies  just  listed  will  provide  the  necessary  commitment  for  the  first  year,  and  that  my 
continuing  efforts  to  secure  funds  from  private  industry  and  various  foundations  wrill  reduce 
the  tax  on  federal  agencies.  Agency  shares  of  funding  would  depend  on  the  response  to 
this  call  for  support. 

I  do  hope  you  can  participate  in  the  funding  of  this  study.   I  provide  an  estimate  of  $75,000 
per  year  for  three  years  as  a  suggestion.   The  full  proposal  is  enclosed.   Should  it  be 
convenient  to  do  so,  the  EPA  has  agreed  to  collect  the  funds,  and  administer  the  contract  on 
behalf  of  all  agencies.  Joel  Scheraga  (202-260-4029)  is  the  EPA  contact. 

Your  views  on  the  specific  guidance  and  charge  to  the  committee  would  be  very  useful  in 
any  case.  We  hope  our  efforts  will  benefit  the  Office  of  Global  Programs'  mission. 

Sincerely, 

\ 


William  A.  Sprigg       ^     »0 
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COMMISSION  ON  GEOSCIENCES,  ENVIRONMENT,  AND  RESOURCES 

BOARD  ON  ATMOSPHERIC  SCIENCES  AND  CLIMATE 

Proposal  No.  96-CGER-023-01 

Proposal  to  the 
Environmeotal  Protection  Agency 

for 

A  Study  of  Climate,  Infectious  Diseases,  and  Health 


This  proposal  is  submitted  by  the  National  Academy  of  Sciences,  which  assumes  full 
technical  and  financial  responsibility  imder  its  Act  of  Incorporation  for  the  work  to  be 
performed  under  any  award  resulting  from  this  proposal. 


David  P.  Wedbrook 
Manager,  F^eral  Contracts 
Office  of  Contracts  and  Grants 
National  Academy  of  Sciences 
Telephone:    202-334-2255 


William  A.  Sprigg,  Dire 
Board  on  Atmospheric  Sciences 
and  Climate 

National  Research  Coimcil 
Telephone:    202-334-3515 
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COMMISSION  ON  GEOSCIENCES,  ENVIRONMENT,  AND  RESOURCES 

BOARD  ON  ATMOSPHERIC  SCIENCES  AND  CLIMATE 

Proposal  No.  96-CGER-023-01 

CLIMATE,  INFECTIOUS  DISEASES.  AND  HEALTH 


SUMMARY 

Relationships  between  climate,  health  and  general  well  being  have  been  recognized 
for  hundreds  and  possibly  thousands  of  years.    Connections  between  infectious  disease 
vectors  (and  other  pathogens)  and  elements  of  the  climate  system  have  been  investigated. 
Some  of  these  relationships  have  been  quantified  and  applied  successfully  toward 
preventing  the  occurrence  or  spread  of  a  disease  vertor  or  mitigating  its  impact  on  the 
health  of  people,  plants,  and  hvestock.    For  example,  temperature  and  rainfall  control  the 
emergence  and  distribution  of  mosquitoes — the  vector  for  malaria,  dengue,  yellow  fever, 
and  equine  encephalitis.    Upsurges  of  water-borne  diseases  such  as  typhoid,  hepatitis, 
bacillar\'  dysentery,  and  cholera  have  been  associated  with  flooding  and  possibly  El  Nino 
events  affecting  many  parts  of  the  world.'   These  associations  refer  to  the  modulation  or 
control  exercised  through  weather  and  climate  system  variability.    Over  the  past  five  years 
increasing  attention  has  also  been  focused  on  the  impact  of  climate  change  on  health,  food, 
and  water  supply  and  quality. 

Investigating  and  quantifying  relationships  between  weather,  climate  variability 
(monthly,  seasonal,  and  interannual  time  scales),  and  infectious  diseases  and  health  would 
provide  information  supporting  tactical  decision  making  and  the  pian^ement  of  social  and 
economic  resources.    Studying  the  response  of  disease  vectors  and  other  pathogens  to 
decadal  and  longer  climate  and  global  changes  would  feed  into  strategic  planning  and  the 
development  of  management  options.    Further  studies  are  urgently  needed  to  examine  these 
relationships  more  exhaustively. 

The  NRC  study  "Climate,  Infectious  Diseases  and  Health  (CIDH)"  will  review  the 
evidence  behind  suspected  links  between  climate  and  health.    It  will  identify  useful  weather 
and  climate  information  products  and  tools,  such  as  monitoring  and  surveillance  systems, 
that  can  be  applied  today  in  disease  prevention  and  mitigation  efforts.    It  will  recommend  a 
global,  international  research  strategy  to  further  define  weather  and  climate  connections  to 
human  health  and  the  emergence  and  spread  of  infectious  diseases  (and  other  pathogens) 


'Aperiodic  warming  of  equatorial  Pacific  Ocean  water  (the  EI  Niiio)  is  connected  with  global-scale 
atmospheric  circulation  patterns  and  associated  weather  a  continent  and  more  distant. 
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and  to  develop  new  tools  and  information  products.    Due  consideration  will  be  given  to  the 
hosts  and  carriers  of  either  the  pathogen  or  the  vector  such  as  food,  air,  and  water.    It  is 
expected  that  the  study  proposed  will  draw  upon  and  significantly  complement  other 
national  and  international  activities  involved  in  climate  and  health  such  as  the  assessment 
being  conducted  by  the  United  Nations  Intergovernmental  Panel  on  Climate  Change,  and 
projects  being  proposed  under  the  UN  Framework  Convention  on  Climate  Change  and  the 
UN  Conmiission  on  Sustainable  Development 

Strong  interest  has  already  been  expressed  by  national  agencies^  and  by  the  World 
Health  Organization.    Other  agencies,  international  organizations  and  fotmdations  will  be 
approached  for  co-sponsorship.    The  NRC  study  was  approved  by  the  Executive  Committee 
of  the  Governing  Board  of  the  National  Academy  of  Sciences  (NAS),  the  National 
Academy  of  Engineering  (NAE),  the  Institute  of  Medicine  (lOM),  and  the  National 
Research  Council  (NRC)  on  June  15,  1995.   It  has  been  proposed  that  a  Committee  on 
Climate,  Infectious  Diseases  and  Health  (CCIDH)  be  established  to  carry  out  the  study 
under  the  Board  on  Atmospheric  Sciences  and  Climate  (BASC)  in  collaboration  with  the 
lOM.    Three  reports  and  two  international  workshops  are  planned  over  the  three  year 
duration  of  the  project    Other  cooperating  NRC  units  include  the  Board  on  Natural 
Disasters,  the  Board  on  Sustainable  Development  and  its  Committee  on  Global  Change,  the 
Polar  Research  Board,  the  OfiBce  of  International  Affairs,  the  Commission  on  Life  Sciences; 
and  the  Commission  on  Behavioral  and  Social  Sciences  and  Education. 

SCIENTIFIC  JUSTinCATION 

Infectious  diseases  are  transmitted  fix>m  one  person  to  another  by  actual  contact  or 
contagion  or  by  a  vector.    A  person's  body  is  colonized  by  parasites  (e.g.,  viruses,  bacteria, 
protozoa,  fungi,  and  worms).    Infectious  diseases  constitute  the  major  cause  of  death 
worldwide.    Human  health  is  affected  by  climate  because  people  are  directly  sensitive  to 
climate  and  stisceptible  to  diseases  whose  vectors  are  sensitive  'to  climate.    Climate  affects 
the  survival  of  viruses  outside  the  host   For  example,  the  influenza  virus  survives  longer  in 
low  humidity,  while  higher  relative  humidity  favors  the  poliomyelitis  virus.   Viral  diseases 
with  seasonal  morbidity  are  common  in  both  temperate  and  tropical  zones.   Influenza  A,  for 
example,  occurs  primarily  in  winter — its  morbidity  is  aggravated  by  sudden  cold  spells. 
Several  enteroviruses  on  the  other  hand  are  most  prevalent  in  summer.   It  is  not  clear 
whether  the  seasonality  of  these  viruses  is  due  to  the  impact  of  climate  on  the  virus,  the 
host  or  both.    In  the  case  of  vector  borne  diseases,  the  pathogen  is  transmitted  to  a  person 
by  another  agent  called  the  vector,  such  as  a  tick,  flea,  or  mosquito.    Climate  can  affect 
these  diseases  in  several  -ways.    It  can  affect  both  the  infectious  agent  and  the  vector 
directly,  or  it  can  affect  the  vector  by  influencing  the  types  of  vegetation  or  intermediary 
hosts  of  the  vector. 


'National  Institutes  of  Health  (NIH),  Centen  for  Disease  Control  and  Prevention  (CDCX  Eovironmental 
Protenion  Agency  (EPA),  and  National  Science  Foundation  (NSF)- 
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It  is  recognized  that  temperature,  rain,  sunshine  (solar  radiation),  wind,  humidity, 
and  soil  moisture  affect  the  emergence  and  spread  of  infectious  diseases.    Climatic  factors 
provide  limiting  conditions  for  the  distribution  of  vector-bome  diseases.    Weather  events 
embedded  within  existing  climates  or  fiiture  climate  projections  can  determine  the  timing, 
outbreak  and  spread  of  disease.    For  example,  air  temperature  controls  the  latitude  and 
altitude  distribution  of  mosquitoes,  which  are  vectors  for  dengue  and  yellow  fever.    In  the 
tropics  rainfall  controls  the  emergence  of  the  anopheles  mosquito,  the  vector  for  malaria. 
The  population  levels  and  emergence  of  western  equine  encephalitis  (also  mosquito  borne) 
are  correlated  with  snow,  run-off  and  irrigation  practices. 

Upsurges  of  water-borne  diseases  such  as  typhoid,  hepatitis  and  bacillary  dysentery 
are  associated  with  flooding;  in  some  countries  such  as  Chile,  Peru  and  Ecuador,  floods  are 
often  associated  with  El  Nino  events  that  recur  on  a  two  to  seven  year  time  frame.   The 
northernmost  distribution  of  vampire  bats  and  rabies  are  controlled  by  temperature  and 
Rotovirus  diarrhea  is  seasonally  spread  across  North  America.    Large  malaria  outbreaks 
also  appear  to  coincide  with  El  Nino  events  as  do  toxic  phytoplankton  blooms  in  Asia  and 
North  America.    Links  have  been  hypothesized  between  El  Nino  events  and  the  monsoons 
and  cholera  epidemics  from  the  Black  Sea  to  Sebastapol  and  Moscow.    In  the  southwestern 
United  States,  the  1 993  emergence  of  Hantavirus  (also  associated  with  hemorrhagic  fevers 
in  Europe  and  Asia)  may  have  been  linked  to  a  six-year  drought  followed  by  unusually 
heavy  rains  that  led  to  an  increased  rodent  population  and  abundant  plant  and  shrub  growth. 
A  correlation  exists  over  the  past  five  or  more  years  between  warming  trends  and  the 
numbers  of  Ixodes  Ricinm  and  Ixodes  Persuicotos  ticks  (vectors  for  encephalitis)  in  Austria 
and  Irkutsk,  Siberia.    There  are  many  other  examples  in  the  scientific  literature.    Perhaps 
other  examples  will  be  found  in  a  host  of  apparently  "new"  infectious  diseases,  such  as  the 
Lyme  disease,  and  some  common  ilhiesses  with  mysterious  etiology  that  may  be  partially 
the  result  of  microbial  infection. 

Weather  and  climate  may  play  a  role  in  the  potential  for  foods  to  be  involved  in  the 
emergence  or  re-emergence  of  microbial  threats  to  human  health.    For  example,  food  safety 
can  be  compromised.    The  majority  of  diagnosed  cases  of  food-borne  disease  of  known 
etiology  in  the  United  States  are  bacterial  in  origin.    Any  change  in  the  conditions  or 
practices  associated  with  the  production,  storage,  and  distribution  of  agricultural 
commodities  can  affect  the  safety  of  food  supply.    Drought  can  make  grains  more 
susceptible  to  mycotoxin-producing  fungi,  which  can  threaten  the  health  of  both  humans 
and  livestock.    To  survive,  most  microbial  species,  whether  pathogenic  or  not,  must  be  well 
adapted  to  a  particular  ecological  niche  and  must  compete  effectively  with  other 
microorganisms.     Unusual  weather  and  climate  conditions  (e.g.,  prolonged  dry  or  wet  spells 
and  climate  change)  can  alter  these  ecological  niches,  thus  enabling  a  particular  species  to 
abruptly  emerge  in  a  region  where  it  was  not  in  abundance  before.    Because  of  the 
relatively  small  amount  of  DNA  or  RNA  or  both  that  they  carry,  and  their  rapid  growth  rate 
and  large  populations,  microbial  pathogens  can  evolve  very  quickly.    It  would  be  important 
to  forecast  or  project  potential  outbreaks  that  are  dependent  on  specific  weather  and  climate 
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precursor  conditions.    In  many  cases,  the  lead  time  this  would  provide  may  be  sufficiently 
long  to  enable  preventive  action. 

The  relationship  between  weather,  climate  variability  and  climate  change,  and  the 
outbreak  of  infectious  diseases  is  reasonably  well  documented  in  some  cases,  and  suspected 
in  others.    Many  more  may  be  discovered  after  a  careful  review  of  climate  variability  and 
change  and  the  physiology  and  phenology  of  infectious  diseases,  the  vectors  that  carry  the 
diseases  and  other  pathogens  affecting  health.    It  is  important  to  know  when,  where,  and  to 
what  extent  such  links  occur. 

GOALS 

The  CIDH  study  will  provide  a  global,  interdisciplinary,  international  research 
strategy  to  identify  and  understand  the  links  between  weather,  climate  variability  and 
climate  change,  and  human  health.    It  will  focus  most  intently  on  aspects  of  infectious 
diseases.    The  study  will  also  identify  operational  climate  service  products  and  tools  that 
can  be  used  to  forewarn  and  forecast  the  outbreak  or  spread  of  infectious  diseases  and  other 
stresses  upon  human  health  such  as  extremes  of  heat  or  cold;  assist  in  public  education  and 
information  dissemination;  and  recommend  collaborative  monitoring,  surveillance,  and  data 
management  systems.    The  study  will  promote  research  to  identify  presently  unknown  links 
between  pathogens  and  climate  and  to  quantify  the  climate  sensitive  aspects  of  emerging 
infectious  diseases  and  other  pathogens,  including  their  carriers  and  hosts. 

SPECinC  OBJECTIVES 

The  specific  objectives  of  the  NRC-CIDH  study  are  to: 

1.  Investigate,  survey,  and  further  define  the  known  and  suspected  relationships 
between  weather,  climate  and  environmental  parameters,  and  infdctious  diseases.    This 
would  include  a  review  of  the  physiology  and  phenology  of  diseases  and  their  vectors  and 
other  pathogens  in  the  context  of  their  response  to  weather,  climate  variability  and  climate 
change.    Emphasis  would  be  placed  on  conditions  affecting  timing,  occurrence/recurrence 
and  emergence,  geographic  distribution,  transport  or  spread,  and  potential  rate  of  spread; 

2.  Define  and  identify  a  set  of  research  and  operational  tools,  products,  and  services 
that  would  facilitate  the  prevention  and/or  mitigation  of  infectious  diseases  and  other 
pathogens  that  affect  human  health.   This  would  include  products  for  the  management  of 
natural  ecosystems  th^t  are  niches  for  the  diseases  or  their  vectors  or  other  hosts  as  well  as 
managed  ecosystems  (e.g.,  agriculture)  and  animals  (e.g.,  livestock).    Products  for  public 
education  purposes  will  also  be  identified.    The  types  of  products  possible,  the  observations 
and  monitoring  needed  and  the  lead  time  available  for  a  potential  advance  warning  service 
or  system  may  differ  along  time  scales  for  weather,  climate  variability  (monthly,  seasonal 
and  interaiuiual),  and  climate  change  (decadal  and  longer); 

3.  Develop  an  inter-  and  multi-disciplinary,  global  research  strategy  to  expand 
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existing  knowledge  on  the  subject  that  will  lead  to  practical  applications  for  preventing  or 
mitigating  the  occurrence  and  spread  of  infectious  diseases  affecting  health  and  the 
management  of  worldwide  health-service  resources.    Deficiencies  in  existing  knowledge 
will  be  identified;  and  the  climate  sensitive  iispects  of  disease  vectors  and  their  hosts, 
including  newly  emerged  or  emerging  diseases  and  other  pathogens,  will  be  studied  fijrther. 
Also  included  will  be  the  identification  of  observing  and  monitoring  requirements  (both  in 
situ  and  possibly  space  based)  and  proposals  for  the  development  of  regional  and  global 
models. 

The  research  strategy  and  other  recommendations  developed  through  the  CIDH  study 
will  be  made  compatible  with  current  and  anticipated  international  research  and  service 
agendas  and  functioning  infrastructures. 


For  example,  it  may  be  useful  to  conform  with  international 
convention  when  considering  time  scales  of  environmental  variability 
and  response  strategies.    Compatibility  will  most  likely  be  reached  if 
the  aforementioned  three  weather-related  time  scales,  suggested  by  the 
organization  of  the  World  Climate  Research  Programme  and  inter- 
national weather  services,  are  applied.    Also,  the  research  on  and  the 
response  to  any  particular  infectious  disease  or  pathogen  and  its 
vector  or  host/carrier  could  be  vastly  different  depending  on  the 
duration  of  the  weather  or  climate  impulse  involved.    For  instance,  in 
response  to  the  "normal"  variability  of  weather  (e.g.,  over  time  scales 
of  a  few  days  to  a  few  weeks)  certain  diseases  may  be  more  likely  to 
occur  in  certain  locations  at  certain  times.    Due  to  species  competition 
and  differing  rates  of  RNA  and  DNA  adaptation  (or  mutation),  the 
response  to  a  prolonged  (e.g.,  three  to  five  years  or  more)  dry  or  wet 
spell  or  to  extreme  events  (e.g.,  climate  variability  associated  with  El 
Nino)  could  be  quite  different    It  is  possible  that  cert^  disease 
vectors  and  other  pathogens  suddenly  flourish  in  locations  where  they 
were  previously  suppressed.    Similarly  the  response  to  climate  change 
(decadal  to  century  time  scale)  could  be  different   Under  altered 
global  climate  conditions,  second  and  third  order  effects  must  be 
considered.    In  some  cases,  entire  bio-ecological  zones  could  be 
displaced,  eliminated,  replaced,  or  otherwise  altered.    Associated  with 
these  changes,  microbial  activity  could  be  altered  with  some  species 
flourishing,  others  becoming  dormant  or  dying,  and  new  species 
emerging  on  account  of  "external"  environmental  stress.    Further 
changes  could  be  expected  in  the  distribution  of  the  vectors  canying 
the  pathogens  and  other  hosts. 


The  understanding  of  climate-disease  links  as  well  as  the  preparation  .and 
dissemination  of  products  could  be  improved  through  the  use  of  existing  sophisticated 
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environmental  modeling  capabilities,  global  and  regional  monitoring  networks,  multi- 
disciplinary  data  management  and  analysis  systems,  and  information  communication 
systems.    The  study  would  also  explore  potential  roles  of  existing  environmental  impact 
assessment  groups  such  as  those  within  the  International  Institute  for  Applied  Systems 
Analysis  and  the  National  Center  for  Atmospheric  Research. 

BACKGROUND  AND  ORIGIN 

On  May  9,  1995  the  Climate  Research  Committee  (CRC)  of  the  Board  on 
Atmospheric  Sciences  and  Climate  (BASC)  invited  experts  from  the  Institute  of  Medicine 
(lOM),  the  Centers  for  Disease  Control  and  Prevention,  the  World  Health  Organization 
(WHO),  the  National  Institutes  of  Health,  the  Army  Institute  of  Infectious  Diseases,  the 
Environmental  Protection  Agency,  the  National  Weather  Service,  the  National  Aeronautics 
and  Space  Administration  (NASA),  the  National  Science  Foundation,  and  universities 
representing  epidemiology,  public  health,  medicine,  weather,  and  climate.    The  meeting 
overwhelmingly  endorsed  initiation  of  an  NRC  study  to  address  the  issue  of  climate, 
infectious  diseases,  and  health.   It  was  feh  that  a  multi-disciplinary,  integrated  approach 
would  lead  to  results  of  practical  and  immediate  benefit  to  humanity.    On  the  longer  term, 
the  study  would  lead  to  a  global  research  program  to  provide  guidance  on  tactical  products 
to  be  used  operationally  and  to  strategic  management  options  for  future  planning. 

The  NRC  study  would  complement  other  programs  dealing  with  climate  and  health 
such  as  the  Second  Assessment  of  the  United  Nations  Intergovernmental  Panel  on  Climate 
Change,  the  White  House  symposium  on  the  health  impacts  of  climate  change,  programs  of 
the  WHO,  the  United  Nations  Environment  Program,  and  others.   New  research  priorities 
will  be  identified  for  the  consideration  of  both  ^e  climate  and  medical  communities  as  well 
as  new  applications  for  projects  such  as  NASA's  Tropical  Rainfall  Meastiring  Mission,  the 
Earth  Observing  System,  NOAA's  Dynamic  Extended  Range  Forecasting  Project,  the 
agenda  to  modernize  the  U.S.  National  Weather  Service,  the  international  Global  Climate 
Observing  System,  the  Inter-American  Institute,  the  International  Research  Institute  for 
seasonal-to-interannual  Climate  Prediction,  the  UN's  World  Climate  Programme,  the  Global 
Change  Program,  the  International  Council  of  Scientific  Unions'  START  program,  and  the 
World  Weather  Watch,  among  others. 

On  June  IS,  1995  the  Governing  Board  Executive  Committee  of  the  National 
Academy  of  Sciences,  the  National  Academy  of  Engineering,  the  Institute  of  Medicine  and 
the  National  Research  Council  approved  the  NRC  study  and  the  establishment  of  a 
committee  to  cany  out  the  study. 

STUDY  PLAN  ACTIVITIES  AND  OUTPUT 

The  Board  on  Atmospheric  Sciences  and  Climate  (6A-SC)  of  the  Commission  on 
Geosciences,  Environment,  and  Resources  (CGER)  and  the  Division  of  Health  Sciences 
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Policy  (DHSP)  of  the  Institute  of  Medicine  (lOM)  will  establish  a  Committee  on  Climate, 
Infectious  Diseases  and  Health  (CCIDH)  to  carry  out  a  study  on  the  subject  as  described 
under  "objectives."    The  committee  will  include  U.S.  and  international  experts  in  weather 
and  climate  modeling,  monitoring  and  analysis,  epidemiology,  medicine,  public  health, 
ecology,  and  social  sciences.    The  committee  will  invite  experts  from  industry,  national  and 
international  organizations  and  agencies,  and  research  institutions  to  review  and  share 
research  results  and  other  information,  and  develop  program  plans  and  recommendations  for 
further  study  as  necessary.    Committee  selection  will  follow  NRC  guidelines  to  ensure  a 
proper  balance  of  views,  objective  study,  and  appropriate  reporting  of  committee 
conclusions  and  recommendations. 

The  study  will  be  carried  out  over  a  period  of  three  years.    The  committee  will  meet 
three  times  a  year  to  facilitate  its  work.   Two  international  workshops  are  envis^ed  in 
order  for  the  committee  to  assemble  information,  discuss  the  results  of  research 
investigations,  and  establish  international  collaboration.    Small  workshop  planning  teams 
may  meet  additionally. 

Output:    The  first  workshop  wotild  cover  objectives  (1)  and  (2)  of  the  study.   The 
second  workshop  would  cover  objective  (3).    Three  reports  are  envisaged  as  the  output 
products  of  the  committee's  work.    The  first  report  is  tentatively  planned  for  spring  1996  in 
the  form  of  a  brief  consensus  defii±ig  the  scope  of  the  problem  and  a  preliminary 
assessment  of  climate-infectious  diseases-health  relationships,  together  with  suggestions  on 
the  types  of  operational  and  research  products  that  are  desirable  and  envisaged  as  possible. 
This  report  will  be  widely  distributed  and  also  represent  the  basic  working  paper  for  the 
planning  and  organization  of  the  fu^  international  workshop.    The  output  of  the  first 
workshop  {the  second  report)  will  be  in  the  form  of  proceedings  on  a  state-of-the-science 
review  of  links  between  weather,  climate  variability,  climate  change,  and  infectious  diseases 
(and  other  pathogens)  and  health.   It  will  also  identify  the  types  of  operational  service 
products  that  can  be  produced  and  delivered  with  currently  available  knowledge  and 
technology.    A  consensus  of  recommended  aims  and  priorities  for  education,  information 
dissemination,  and  research  will  be  included.    This  scientific  review/report  will  cover 
objectives  (1)  and  (2);  late  1996  is  the  publication  target  date.    The  committee  will  provide 
a  draft  research  strategy  as  input  to  the  second  international  workshop.    The  draft  strategy, 
specifically  addressing  objective  (3),  will  be  distributed  widely  for  preliminary  review  by 
workshop  participants.    The  output  of  the  workshop  (the  third  report)  would  represent  an 
internationally  reviewed  global  research  strategy.    The  research  strategy  would  outline 
actions  to  be  taken  by  the  climate  and  medical  communities  as  well  as  contain  suggestions 
for  action  for  the  consideration  of  governments,  policy  makers  and  managers.    This  third 
report  is  scheduled  for  late  1997. 

REPORTS 

Reports  resulting  from  the  activities  described  in  this  proposal  shall  be  prepared  in 
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sufficient  quantity  to  ensure  their  distribution  to  the  sponsors,  to  committee  members,  to 
key  agency  representatives,  and  to  other  relevant  parties  in  accordance  with  Academy 
policy.    Reports  may  be  made  available  to  the  public  without  restrictions. 

Presidential  Executive  Order  12832  of  January  19,  1993  amends  Executive  Order 
2859,  which  established  the  National  Research  Council  (NRC),  reaffinning  and  clarifying 
the  NRC's  relationship  with  the  U.S.  Government.    Of  particular  relevance  to  this  proposal, 
the  Executive  Order  directs  the  NRC  to  disseminate  to  duly  accredited  persons  and  the 
public  the  scientific  and  technical  information  it  gathers  and  collates.    Further,  the  actual 
expense  of  such  reports  shall  be  paid  to  the  Academy  through  grants-in-aid  and  contracts  by 
executive  departments  and  agencies.    The  Academy's  acceptance  of  an  award  by  a 
department  or  agency  of  the  U.S.  Govenunent,  is  conditioned  upon  adherence  to  the  letter 
and  spirit  of  the  Executive  Order  which  provides  the  framework  within  >^ch  the  NRC  and 
the  Government  are  expected  to  interact   The  Government  printing  and  binding  regulations 
intend  that  contractors  do  not  become  prime  or  substantial  sources  of  printing  for 
departments  or  agencies.    The  Executive  Order  requirement  that  the  NRC  disseminate  its 
reports  is  interpreted  as  not  being  primarily  or  substantially  for  the  purpose  of  having  such 
findings  printed  for  the  use  of  a  department  or  agency  and  therefore  otitside  the  limitations 
of  the  printing  and  binding  regulations.    Accordingly,  included  in  the  attached  estimate  of 
costs  is  an  amount  projected  to  cover  the  cost  of  reproducing  reports  for  this  activity. 

ESTIMATE  OF  COSTS 

The  estimated  cost  for  this  three-year  study  is  $1,295,000. 
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activities.    He  carries  out  contractual  agreements  and  publishes  reports  of  findings. 
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of  the  National  Climate  Program  Office  fi-om  1989-1990.    During  this  period  he  was 
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November  30,  1995 


The  Honorable  Warren  M.  Christopher 

Secretary 

U.S.  Department  of  State 

2201  C  Street,  NW 

Washington,  DC   20520 

The  Honorable  Hazel  R.  O'Leary 

Secretary 

U.S.  Department  of  Energy 

1000  Independence  Avenue,  SW 

Washington,  DC    20585 

Dr.  Robert  T.  Watson 
Associate  Director  for  Environment 
Office  of  Science  and  Technology  Policy 
Executive  Office  of  the  President 
Executive  Office  Building 
Washington,  DC   20500 

Dear  Secretaries  Christopher  and  O'Leary  and  Dr.  Watson: 

Since  I  last  wrote  to  the  Administration  on  October  19,  1995,  with  regard  to  climate 
change  matters,  a  number  of  relevant  events  have  occurred,  including  the  following:  (1)  the 
Environmental  Protection  Agency  (EPA)  issued  its  report  on  "The  Probability  of  Sea  Levet 
Rise";  (2)  the  Intergovernmental  Panel  on  Climate  Change  (iPCC)  Working  Group  II  released 
at  a  press  conference  in  Washington,  DC,  its  Summary  for  Policymakers— one  of  three  such 
IPCC  summaries  for  policymakers  of  its  three-part  Second  Assessment  Report  (SAR)  due  to 
be  finalized  in  Rome  in  December;  (3)  the  Science  Subcommittee  on  Energy  and  Environment 
held  a  hearing  on  "Climate  Models  and  Projections  of  Potential  Impacts  of  Global  Climate 
Change";  and  (4)  the  second  of  six  scheduled  meetings  of  the  Ad  Hoc  Group  on  the  Berlin 
Mandate  (AGBM)  was  completed  in  Geneva,  Switzerland. 
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These  recent  events  have  raised  a  number  of  additional  concerns  about  the  IPCC,  the 
AGBM  and  related  matters.  Accordingly,  I  would  appreciate  your  response  to  the  attached 
questions  about  these  concerns.  Please  take  them  into  consideration,  along  with  my  October 
1  9,  1 995,  questions  in  preparing  for  the  Rome  meeting  of  the  IPCC  in  December  and  the  next 
meetings  in  Geneva  of  the  various  subsidiary  bodies  of  the  Conference  of  Parties  of  the 
Framework  Convention  on  Climate  Change. 

I  request  your  responses  by  January  9,  1996.  To  the  extent  necessary,  please  consult 
with  the  Secretary  of  Commerce,  the  Administrator  of  the  National  Oceanic  and  Atmospheric 
Administration,  the  Administrator  of  the  Environmental  Protection  Agency,  and  any  other 
agency  that  can  be  helpful  in  providing  full,  complete,  and  timely  replies. 

Should  you  have  any  questions  regarding  this  request  please  contact  Dr.  Harlan 
Watson  (202-225-98 16)ortvlr.  Larry  Hart  (202-225-7281  )of  the  Subcommittee  staff .  Thank 
you  for  your  immediate  attention  to  this  request. 

Sincerely 


sincerely,  ^^ 

Dana  Rohrabacher 

Chairman 

Subcommittee  on  Energy  and  Environment 
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ATTACHMENT -QUESTIONS  SUBMITTED  BY  REPRESENTATIVE  DANA  ROHRABACHER 

November  30,  1995 


I  understand  that  the  1 995  IPCC  Working  Group  I  report  contains  new  or  updated 
science.  However,  because  of  the  extraordinary  tight  timetables  established  by  the 
IPCC  for  producing  this  report.  Working  Group  II  apparently  was  required  to  base  its 
estimates  of  the  impacts  of  climate  change  on  the  1 990  and  1 992  science  reports  of 
the  IPCC.  A  review  of  Working  Groups  ll's  Summary  for  Policymakers  does  not  make 
this  clear.  Given  the  fact  that  some  of  the  recent  scientific  findings  are  significantly 
different  than  the  older  reports  such  use  of  old  science  could  be  construed  as 
misleading  to  the  Convention  Parties,  the  media,  and  the  public. 

a.  If  the  IPCC  is  going  to  report  in  Working  Group  I  on  the  most  recent  science, 
while  the  evaluation  of  Working  Group  II  of  the  impacts  is  based  on  older 
science,  then  why  does  the  Working  Group  II  Summary  for  Policymakers  fail  to 
make  this  fact  clear  to  the  Parties,  the  media  and  the  public? 

b.  Why  does  this  "out-of-phase"  difference  between  the  "science"  report  and  the 
"impacts"  report  make  sense,  given  the  high-profile  and  extremely  important 
nature  of  these  reports? 

c.  Why  is  the  U.S.  agreeing  to  such  a  practice? 

d.  Will  the  United  States  urge  that  the  IPCC  revise  its  process  to  eliminate  this 
deficiency,  and  if  not,  why  not? 

The  first  footnote  to  the  Working  Group  II  Summary  for  Policymakers  states  that 
projections  of  changes  in  temperature  and  sea  level  cited  in  the  report  "are  subject  to 
final  approval  by  IPCC  Working  Group  I  in  late  November  1995."  That  in  itself 
suggests  that  if  changes  in  the  Working  Group  I  report  are  made,  corresponding 
changes  in  the  Working  Group  II  report  will  be  required  that  could  affect  the  entire 
Working  Group  II  report.  In  fact,  it  is  my  understanding  that  the  Working  Group  II 
Summary  for  Policymakers,  the  Working  Group  II  underlying  documents,  and  the  other 
two  IPCC  Working  Group  reports  are  not  official  IPCC  reports  until  accepted  in  plenary 
session  in  Rome  during  the  week  of  December  1 1 .  If  this  is  correct,  why  then  was  a 
press  conference  in  Washington,  D.C.  on  the  IPCC  Working  Group  II  Summary  for 
Policymakers  held  on  October  24,  1995,  when  the  Working  Group  I  report  could 
change,  the  underlying  Second  Assessment  Report  (SAR)  documents  were  not 
available,  and  when  the  Working  Group  II  Summary  for  Policymakers  has  not  yet  been 
accepted  under  IPCC  rules  by  the  full  IPCC  in  Plenary  Session? 

When  will  the  underlying  SAR  documents  be  publicly  available  in  English?  Please 
provide  two  copies  for  the  Majority  and  Minority  of  this  Subcommittee. 

The  Working  Group  II  Summary  for  Policymakers  contains  a  list  of  authors  and 
reviewers. 
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a.  Please  identify  the  U.S.A.  reviewers  and  authors,  provide  their  affiliation,  and 
indicate  whether  each  was  a  reviewer  or  author,  or  both. 

b.  Who  were  the  lead  U.S.A.  authors? 

c.  Are  any  reviewers  from  the  private  sector  (i.e.,  business,  industry,  labor, 
agriculture,  or  environmental  organizations)?  If  there  were  none,  please  explain 
how  the  working  groups  obtain  the  experience  and  expertise  of  the  private 
sector.  If  there  were  private  sector  authors  or  reviewers,  please  identify  them 
and  provide  their  affiliation. 

I  understand  that  IPCC  procedures  indicate  that  controversies  should  be  disclosed  and 
any  "substantial  disagreements"  noted.  However,  as  far  as  I  can  tell,  the  IPCC 
"Summaries  for  Policymakers"  contain  few,  if  any,  references  to  disagreements. 

a.  Why  is  this  so? 

b.  Are  the  Parties,  as  policymakers,  really  expected  to  believe  that  the  scientists 
and  other  authors  have  few  disagreements  among  themselves  on  such  difficult 
and  controversial  topics,  and  if  so,  why? 

c.  Would  a  fuller  discussion  and  treatment  of  controversies  and  disagreements  in 
the  "Summaries  for  Policymakers"  enhance  the  value  of  these  reports  to 
policymakers,  and  if  not,  why  not? 

The  public  and  the  media  are  led  to  believe  that  an  IPCC  "Summary  for  Policymakers" 
represents  the  views  of  hundreds  of  the  world's  leading  scientists  and  experts. 
However,  I  understand  that  few  of  the  many  scientists  and  experts  who  helped  develop 
the  lengthy  underlying  reports  are  present  at  the  meetings  for  review  of  the  Summaries. 
But  that  does  not  change  the  fact  that  in  the  final  analysis,  the  selection  of  material  to 
present  to  governments  in  the  Summaries  is  a  highly  subjective  and  political  process, 
and  not  a  scientific  process.  The  few  scientists  or  experts  present  at  the  plenary 
meetings  may  help  the  policymakers  avoid  making  statements  that  are  not  technically 
accurate,  but  the  final  substance  and  tone  of  these  reports  tends  to  involve  policy  and 
political  judgements,  and  not  scientific  judgements. 

a.  Why  are  the  public  and  the  media  led  to  believe  that  these  Summaries  have 
been  drafted  by  "the  world's  best  scientists"? 

b.  Why  are  public  and  the  Parties  not  informed  that  scientists  have  prepared  an 
extremely  lengthy  report  and  that  government  representatives,  not  the  scientists 
or  authors,  have  attempted  to  summarize  it  for  policy  purposes? 


615 


ATTACHMENT— Questions  Submitted  by  Representative  Dana  Rohrabacher 
November  30,  1995 
Page  3 


c.  I  also  understand  that  changes  in  the  Summaries  suggested  by  business  and 

environmental  non-government  organizations  represented  at  the  meetings  to 
review  the  Summaries  are  generally  not  accepted  by  the  Chairmen,  regardless 
of  their  merit,  unless  there  is  support  from  the  government  representatives 
present.  Is  my  understanding  correct,  and  if  so,  please  explain  why  their  views 
are  not  considered  and  accepted  except  through  governments? 

The  Working  Group  II  Summary  for  Policymakers  is  silent  on  an  essential  point  for 
policymakers  to  understand;  namely,  that  non-climatic  influences  may  be  more 
important  from  a  policy  perspective  than  climatic  influences.  While  scientists  may  have 
prepared  the  original  documents  from  which  the  IPCC  leadership  worked,  the  content 
of  the  final  summary  documents  sent  to  governments  is  the  responsibility  of  the  IPCC 
leadership.  In  practice,  I  understand  that  many  governments  rely  on  the  judgement  of 
the  IPCC  leadership  for  the  selection  of  material  because  they  have  small  or  non- 
existent budgets  for  this  type  of  review.  Hence,  the  judgement  of  the  IPCC  leadership 
is  extremely  critical  in  determining  the  final  content  of  these  documents.  I  also 
understand  that  the  following  passages  from  the  underlying  science  report  are  absent 
from  the  Working  Group  II  Summary  for  Policymakers  document: 

"Climate  will  occur  against  a  background  of  other  non- 
climate  environmental  and  socioeconomic  factors  that  could 
either  exacerbate  or  mitigate  the  effects  of  climate  change. 
These  other  factors  may,  in  some  cases,  dominate  climate 
change. 

"Non-climate  effects  may  be  more  important  than  climate 
change.  Local  environmental  and  socioeconomic  situations  are 
changing  rapidly  for  reasons  other  than  climate  change. 
Worldwide  population  growth,  industrialization,  urbanization, 
poverty,  technological  change,  and  government  policy  could 
overwhelm  any  effects  of  climate  change." 

a.  Is  my  understanding  of  these  omissions  accurate? 

b.  Given  the  extremely  constricted  time  allowed  to  review  the  IPCC  work 
products,  why  were  these  important  and  relevant  policy  statements  not 
included  in  the  Summary  for  Policymakers  drafts  sent  to  governments? 

c.  Why  did  the  IPCC  leadership  think,  with  apparent  U.S.  agreement  or  at  least 
silence,  that  it  was  unimportant  to  inform  governments  that  non-climatic  effects 
could  be  extremely  important? 
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d.  Was  the  IPCC  leadership  waiting  to  see  if  any  government  first  read  the  large 

document,  discovered  this  conclusion,  and  then  felt  strongly  enough  about  it 
to  insist  that  it  be  included,  or  is  it  possible  that  the  IPCC  leadership  may  be 
attempting  to  influence  world  government  action  by  selective  omission  of 
critical  information?   Please  elaborate. 

A  number  of  recent  media  reports  suggest  that  climate  models  have  improved 
significantly  and  are  now  sufficiently  accurate  for  policy  purposes,  despite  remaining 
imperfections.  These  media  reports  further  suggest  that  the  most  important 
improvement  in  climate  models  has  been  the  inclusion  of  the  effects  of  sulphate 
aerosols.  The  claim  is  made  that  climate  models  can  now  accurately  reproduce  the 
climate  of  the  past  100  years,  implying  that  forecasts  of  the  future  must  therefore  be 
more  reliable.  However,  the  improved  IPCC  "back-cast"  of  historical  global 
temperatures  could  not  have  taken  place  without  access  to  a  global  record  of  sulphate 
aerosol  concentrations  for  the  past  100  years. 

a.  Since  sulphate  aerosol  concentrations  have  only  been  measured  for  a  few 
decades,  what  is  the  U.S.  understanding  of  where  the  IPCC  obtained  a  1 00-year 
global  record  of  sulphate  concentrations  for  inputting  into  the  models? 

b.  How  reliable,  in  the  judgement  of  U.S.  experts,  is  the  artificial  sulfate  aerosol 
history  produced  by  the  IPCC? 

c.  How  many  climate  model  runs  have  been  conducted  using  estimates  of  sulphate 
aerosol  effects? 

d.  How  many  different  sets  of  assumptions  (i.e.,  population  growth  rates, 
technolgical  change,  government  policy,  etc.)  were  included  in  these 
evaluations? 

e.  Is  a  limited  evaluation  of  a  new  theory  in  a  few  model  runs,  with  a  limited  set 
of  assumptions,  sufficient  to  claim  that  the  models  have  been  improved,  and  if 
so,  why? 

f.  Is  the  detailed  modeling  information  readily  available  to  the  U.S.,  and  if  not, 
please  explain  why  and  how  and  when  you  will  obtain  it. 

g.  I  understand  that  other  important  factors  (natural  or  anthropogenic)  could  have 
also  been  adjusted  in  existing  climate  models  to  produce  agreement  between 
historically  observed  and  modelled  temperatures.  Given  the  existence  of  other 
factors  that  could  have  produced  the  same  net  effect  as  sulphate  aerosols,  is 
it  fair  and  proper  to  conclude  that  the  sulphate  aerosol  results  only  demonstrate 
that  climate  models  still  contain  significant  flaws,  and  if  not,  why  not? 
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9.  I  understand  that,  according  to  the  Working  Group  I  scientists,  "flux  adjustments"  are 
used  to  compensate  for  inadequacies  in  the  representation  of  physical  processes  •^^  a 
model  and  should  be  considered  "engineering  solutions"  rather  than  "scientific 
solutions".  In  effect,  f]ux  adjustments  are  artificial  corrections  to  make  climate  models 
produce  reasonable  answers.  I  also  understand  that  the  scientists  in  IPCC  Working 
Group  I  have  stated  that  flux  adjustments  are  justified  "only  when  the  corrections  are 
relatively  small" ,  but  they  also  say  that  in  many  climate  models  these  adjustments  are 
"comparatively  large". 

a.  Are  my  understandings  accurate? 

b.  Does  this  then  imply  that  climate  models  are  using  "corrective  factors"  which 
can  potentially  invalidate  the  results,  and  if  not,  why  not? 

c.  Are  your  experts  satisfied  that  the  IPCC  has  thoroughly  evaluated  the  impact 
of  the  flux  adjustments  on  climate  models,  and  if  not,  why  not? 

10.  I  understand  that  the  IPCC  Working  Group  II  SAR  documents  contain  extensive 
information  regarding  various  regional  impacts  of  future  climate  changes  that  appear 
to  be  based  on  projections  of  regional  climate  change  from  Working  Group  I  climate 
models.  I  further  understand  that  IPCC  Working  Group  I  has  clearly  stated  that  its 
confidence  in  regional  climate  forecasts  still  remains  low. 

a.  Are  my  understandings  correct,  and  if  so,  don't  they  imply  that  one  should  also 
have  low  confidence  in  regional  impact  projections  based  on  climate  models, 
and  if  not,  why  not? 

b.  Do  you  believe  that  climate  models  projections  are  sufficiently  accurate  for 
policy  purposes,  particularly  those  that  extend  beyond  one  or  two  decades,  and 
if  so,  what  is  the  basis  for  your  belief? 

c.  Which  of  the  many  models  available  are  most  suited  and  reliable  for  use  in 
international  policy  development,  and  what  is  the  extent  of  their  reliability? 

1 1 .  The  Working  Group  II  Summary  for  Policymakers,  at  page  SPM  9,  refers  to  studies 
regarding  estimated  land  losses  and  people  affected  by  a  projected  1  meter  rise  in  sea 
level  by  the  year  21  GO.  However,  the  new  science  reports  indicate  that  a  1  meter  rise 
is  at  the  high  end  of  a  range  between  15  to  110  centimeters  (cm),  with  the  best 
estimate  values  between  38  to  66  cm,  depending  on  aerosol  concentration 
assumptions. 

a.  Is  It  not  true  that  the  projected  impacts  are  driven  by  the  projections  of  the 

climate  models? 
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b.  Why,  in  evaluating  and  reporting  impacts  would  governments,  including  the 
U.S.,  appear  to  select  the  extreme  end  of  the  range  rather  than  the  most 
probable? 

c.  Does  that  selection  tend  to  show  a  bias  towards  trying  to  dramatize  the 
extreme  and  alarm  the  Parties  and  the  public,  and  if  not,  why  not? 

12.        In  Chapter  7  of  the  EPA  report  entitled  "The  Probability  of  Sea  Level  Rise,"  the  EPA 
provides  new  sea  level  estimates  as  follows: 

"If  the  experts  on  whom  we  relied  fairly  represent  the  breadth  of 
scientific  opinion,  the  odds  are  fifty-fifty  that  greenhouse  gases  will  raise 
sea  levels  at  least  1 5  cm  by  the  year  2050,  35  cm  by  21 00,  and  80  cm 
by  2200.  Moreover,  there  is  a  one-in-forty  chance  that  changing  climate 
will  raise  sea  level  35  cm  by  2050,  80  cm  by  2100,  and  300  cm  by 
2200." 

However,  in  Chapter  8,  EPA  states  that  long-range  projections  of  physical,  economic, 
and  ecological  systems  "often  prove  to  be  wrong,  because  they  involve  combinations 
of  assumptions  with  varying  degrees  of  certainty."    EPA  then  adds: 

"Moreover,  with  a  highly  visible  public  policy  issue  such 
as  climate  change,  the  projections  themselves  can  motivate 
people  to  take  actions  that  render  early  projections  obsolete  (e.g., 
projections  of  a  4°C  global  warming  could  lead  people  to  reduce 
emissions  so  that  the  warming  is  only  2°C). 

"This  report  and  other  recent  analyses  suggest  that  sea 
level  is  likely  to  rise  less  than  estimated  by  early  reports  on  the 
subject  {see  Table  8-1  ).J./  The  lower  estimates  have  resulted 
from  both  a  downward  revision  of  future  temperatures  and  an 
emerging  consensus  that  Antarctica  will  probably  not  contribute 
to  sea  level  in  the  next  one  hundred  years." 

a.  Does  the  discussion  in  Chapters  7,  8,  and  9  of  the  EPA  report  of  the  validity 

and  uncertainties  of  various  projections  of  sea  levels  and  temperatures  by  the 
IPCC  and  the  EPA  give  the  U.S.  concern  that  decisionmaking  may  be  driven  by 
projections  that  appear  to  be  erroneous  or  at  least  questionable,  and  if  not,  why 
not? 


1/Unlike  some  recent  assessments  by  IPCC  (1990,  1992)  and  Wigley  &  Raper  (1992),  this 
report  still  projects  a  significant  risk  that  sea  level  will  rise  more  than  one  meter  by  the  year 
2100;  i.e.,  our  downward  revision  applies  more  to  the  "best  estimate"  than  to  the  high  end 
of  the  uncertainty  range. 
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b.  Should  the  U.S.  apply  the  cautionary  principle  on  those  who  want  to  rush  to  act 

through  adoption  of  a  protocol  or  other  legal  instrument  when  there  may  be 
large  gains  from  not  acting  in  a  hurry  while  these  uncertainties  are  sorted  out, 
and  if  so,  why? 

1 3.  The  Working  Group  II  Summary  for  Policymakers  notes  that  policymakers  "are  faced 
with  responding  to  risks  ...  in  face  of  significant  scientific  uncertainties."  The 
Sur77/773/-y  then  contends  that  "delaying  "  action  "might"  reduce  the  overall  cost  of 
mitigation  because  of  "potential"  technological  advances  but  "could"  increase  both  the 
rate  and  the  "eventual"  magnitude  of  climate  change,  and  hence  the  costs.  Use  of 
words  like  "may",  "could",  "potential"  here  and  throughout  the  Summary  suqqesX  a 
lack  of  confidence  or  significant  hedging  by  the  authors  of  the  Summary.  Does  the 
report  merely  compound  uncertainties  with  the  use  of  such  inconclusive  words,  and 
if  not,  why  not? 

14.  The  Working  Group  II  Summary  for  Policymakers,  at  page  SPM-12,  states  that 
numerous  studies  show  10-30%  energy  efficiency  gains  above  current  levels  are 
feasible  at  little  or  no  costs  "in  many  parts  of  the  world"  thru  "technical  conservation 
measures  and  improved  management  practices  over  the  next  2  to  3  decades." 

a.  The  reference  to  "many  parts  of  the  world"  is  vague.   What  parts  of  the  world 
do  the  authors  have  in  mind?   Please  identify  some  specific  countries. 

b.  What  is  the  realistic  likelihood  of  such  gains  in  those  parts  of  the  world? 

c.  Please  provide  a  list  of  the  "numerous  studies"  referenced  in  the  Summary  and 
identify  those  that  are  not  peer  reviewed. 

d.  What  "technical  conservation  measures"  and  "improved  management  practices" 
did  the  authors  have  in  mind? 

e.  Have  similar  or  additional  papers  been  prepared  by  the  other  two  Working 
Groups  or  the  IPCC  Chairman?   If  so,  please  provide  copies. 

15.  Also,  on  page  SPM-12,  the  Working  Group  II  Summary  for  Policymakers  notes  that 
"energy  rise  is  growing  world-wide".  But  later  on  the  same  page,  the  report  states 
energy  use  by  the  industrial  sector  in  industrialized  countries  is  expected  to  be  "stable 
or  decreasing" ,  while  increasing  in  developing  countries  as  a  result  of  industrial  growth. 

a.  What  is  the  short-  and  long-term  potential  for  energy  efficiency  improvements 
in  the  manufacturing  sector  in  developing  countries? 

b.  What  is  the  expected  percentage  for  such  improvements  identified  in  a.? 
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c.  How  will  developing  countries  achieve  such  efficiencies  as  they  grow  without 
an  extensive  transfer  of  U.S.  and  other  developed  country  funds  and 
technologies? 

d.  Will  these  low-cost  efficiencies  be  sufficient  to  account  for  the  projected 
increases  of  economic  growth  in  these  countries? 

1  6.  In  the  case  of  Transportation,  the  Working  Group  II  Summary  for  Policymakers  appears 
to  center  only  on  motor  vehicles,  not  all  forms  of  transportation  (see  p.  SPM-1  2).  Why 
is  the  case?   Please  elaborate. 

17.  In  the  case  of  Transportation,  the  Working  Group  II  Summary  for  Policymakers  states 
that  very  efficient  drive-trains,  light-weight  construction  and  low-air  resistant  designs 
of  vehicles,  use  of  smaller  vehicles,  altered  land-use  patterns,  transport  systems, 
mobility  patterns,  lifestyles,  shifting  to  less  energy  intensive  transportation  modes, 
alternative  fuels  and  electricity  from  renewable  sources,  taken  together,  "provide  the 
opportunity  for  reducing  global  transport  emissions  by  as  much  as  40%  of  projected 
emissions  by  2025." 

a.  How  realistic  are  these  estimates,  taking  into  consideration  the  research 
experience  of  the  Department  of  Energy  and  the  political  and  funding 
difficulties,  and  from  the  standpoint  of  achievement  in  the  United  States, 
Canada,  Mexico  and  globally?   Please  elaborate. 

b.  Since  the  establishment  of  the  Department  of  Energy  in  the  1977,  how  many 
similar  estimates  have  been  made,  particularly  regarding  technologies,  for 
periods  of  ten  years  or  more  and  what  has  been  the  success  of  such  estimates? 

c.  Are  the  mitigation  chapters  of  Working  Group  II  and  their  assessments  realistic 
in  light  of  past  predictions,  and  do  they  include  the  factor  of 
"commercialization"? 

d.  In  the  case  of  smaller  vehicles,  was  the  issue  of  "safety"  and  their  impact  on 
people  considered  and  discussed,  and  if  not,  why  not? 

e.  Is  it  possible  to  reach  the  40%  improvement  when  safety  and  other  factors  are 
considered? 

18.  Please  identify  all  the  members  of  the  IPCC  Bureaus  and  include  their  position  in  the 
countries  that  they  represent. 
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19.  Since  my  previous  letter  on  October  19, 1995, regarding  the  IPCC  and  related  matters, 
an  IPCC  discussion  paper  entitled  "The  Future  of  the  IPCC  (IPCC  -X/D0C.5)"  has  come 
to  my  attention,  along  with  an  IPCC  discussion  paper  for  IPCC  Working  Group  II  on 
"Future  IPCC  Working  Group  II  Activities  during  1996  and  1997".  To  my  knowledge, 
neither  paper  was  requested  by  COP-I  or  any  of  the  Subsidiary  Bodies.  I  understand 
the  second  paper  was  prepared  by  the  Working  Group  II  Technical  Support  Unit  located 
in  Washington,  DC.  I  also  understand  that  both  papers  discuss  a  process  for  so-called 
"quick"  response  to  requests,  and  both  suggest  that  these  activities  are  likely  to  be 
costly  to  the  Parties  and  particularly  the  U.S.  Finally,  I  understand  that  both  papers  are 
part  of  the  provisional  agenda  for  the  IPCC  Rome  meeting  beginning  December  1 1 , 
1995.  Please  explain  the  status  of  each  discussion  paper. 

20.  Please  explain  the  status  of  the  Working  Group  II  Technical  Support  Unit  and  its 
funding  for  fiscal  year  1 995  and  1 996,  including  the  source  or  sources  of  these  funds. 

21.  I  understand  that  the  Working  Group  II  discussion  paper  under  one  project  indicates 
that  the  Bureau  could  provide  technical  papers  that  "would  constitute  clarification, 
interpretation,  or  elaboration  of  the  material  in  the  SAR"  in  response  to  specific  needs 
of  the  COP  or  its  Subsidiary  Bodies.  Such  papers  would  be  written  by  the  Bureau  of 
the  Working  Groups  or  by  "specially  commissioned  writing  teams  that  would  include 
but  not  be  limited  to  lead  authors  of  the  SAR"  and  each  paper  would  take  6-12 
months.  And  it  suggests,  but  does  not  spell  out,  "an  expedited  review  and  acceptance 
approval  mechanism"  for  the  papers. 

I  also  understand  that,  on  the  other  hand,  the  second  paper  proposes  that  the  IPCC 
"assess  particular  topics  in  response  to  the  needs"  of  the  Convention  to  requests  from 
sponsoring  bodies,  and  to  scientific  or  technical  questions  arising  in  the  literature. 

a.  Could  this  be  interpreted  as  an  effort  by  the  Technical  Support  Unit  and  the 
Working  Groups  to  find  work  to  do  and  to  perpetuate  themselves  until  1998 
when  the  third  assessment  is  scheduled  to  begin,  and  if  not,  why  not? 

b.  What  is  the  actual  or  perceived  need  or  the  desire  for  a  segment  or  segments 
of  the  IPCC  to  engage  in  1996  and  1997  in  clarifications,  interpretations,  or 
elaborations  of  the  SAR  after  the  SAR  has  gone  through  the  review  and 
acceptance  process  by  lead  authors,  reviewers,  and  governments  prior  to  its 
adoption  in  IPCC  Plenary  Session  in  Rome  next  month? 

c.  On  what  basis  could  these  Working  Groups  provide  such  interpretations,  etc.? 

d.  What  would  be  the  cost  and  who  would  pay  that  cost? 

e.  What  is  the  capability  of  the  Bureau  from  the  standpoint  of  expertise  to 
undertake  such  a  task? 


622 


ATTACHMENT— Questions  Submitted  by  Representative  Dana  Rohrabacher 
November  30,  1995 
Page  10 


f.  Who  and  how  would  such  writing  teams  be  selected? 

g.  What  is  the  "expedited"  process  to  be  employed,  would  the  process  be  open 
and  transparent,  and  how  would  present  IPCC  procedures  have  to  be  modified? 

h.         Would  the  Working  Groups  have  to  meet  to  adopt  these  papers? 

i.  How  would  such  a  process  mirror  the  process  for  the  SAR  so  as  to  ensure 

fairness,  total  consistency  with  the  SAR,  and  be  politically  and  universally 
acceptable  to  the  Parties  and  the  public? 

j.  Would  the  requests  have  to  come  from  the  COP  and/or  Subsidiary  Bodies  or 

could  the  Chairmen  of  the  COP  or  the  Subsidiary  Bodies  initiate  them  without 
approval  of  the  Parties  in  meetings  of  the  COP  or  the  Subsidiary  Bodies? 

k.  What  is  the  U.S.  position  on  these  papers  or  any  similar  proposal?    Does  the 

SAR  need  clarification,  etc.? 

22.  I  understand  that  an  analysis  and  assessment  of  the  Alliance  of  Small  Islands  States 
draft  protocol  by  the  Department  of  Energy  is  completed  or  nearly  complete.  Please 
a  copy  of  the  results. 

23.  I  understand  that  an  October  30,  1 995,  draft  document  entitled  the  "Establishment  of 
Intergovernmental  Technical  Advisory  Panels"  calls  for  technical  advisory  panels  to 
implement  a  "programme  of  work"  attached  to  the  draft.  The  panel  is  to  be  composed 
of  twenty  members,  ten  from  the  five  U.N.  regional  groups,  five  from  Annex  I  Parties, 
and  five  from  non-Annex  I  Parties. 

a.  Why  is  such  a  panel  needed,  especially  in  1 996  or  1 997? 

b.  Would  the  meetings  of  this  panel  be  open  and  transparent  or  closed? 

c.  Please  identify  the  five  regions  and  indicate  how  many  Panel  members  in  total 
are  likely  to  be  from  developing  countries. 

d.  1  also  understand  that  the  U.S.  is  not  supportive  of  this  proposal.     Is  that 
correct,  and  is  so,  what  does  the  U.S.  support  and  why? 

e.  Please  explain  the  origin  of  this  program  of  work,  the  deadlines,  and  the  product 
to  be  produced. 

f.  What  is  the  purpose  to  be  achieved  by  each  item  in  the  program? 

g.  How  would  this  panel  carry  out  each  of  the  items  of  the  program?  Would  they 
hire  consultants,  and  what  would  be  the  cost?  . 
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h.  How  would  such  a  process  mirror  the  process  for  the  SAR  so  as  to  ensure 

fairness,  total  consistency  with  the  SAR,  and  be  politically  and  universally 
acceptable  to  the  Parties  and  the  public? 

24.  I  understand  that  in  its  October  31 ,  1995,  statement  at  the  AGBM  meeting  in  Geneva, 
the  U.S.  called  for  "an  informal  session"  next  February  and  recommended  at  least  two 
presentations  to  be  coordinated  through  the  Secretariat. 

a.  Would  these  sessions  be  open? 

b.  Has  the  IPCC  agreed  to  making  these  presentations? 

c.  Please  explain  the  nature  of  the  analytical  presentation  that  I  understand  the 
U.S.  plans  to  make. 

25.  I  understand  that  the  conclusions  of  the  last  AGBM  meeting  are  not  those  of  the 
Parties,  but  of  the  Chairman  and  that  the  Chairman  is  apparently  deciding  what 
constitutes  "consensus"  under  the  arrangements  of  COP-I.  The  Chairman's 
conclusions,  among  other  things,  calls  for  a  narrowing  down  of  the  range  of  policies 
and  measures  under  consideration.  That  conclusion  appears  to  be  inconsistent  with 
the  U.S.  Statement  on  Policies  and  Measures  of  October  31  which,  among  other 
things,  calls  for  a  menu  of  options.  And,  I  also  understand  that  the  U.S.  did  not  object. 
Are  my  understandings  accurate,  and  if  so,  why  was  no  objection  raised  by  the  U.S.? 

26.  I  understand  that  the  U.S.  made  a  number  of  requests  and  recommendations  at  the 
second  AGBM. 

a.  Please  list  them  and  explain  their  status. 

b.  Will  all  these  requests  and  recommendations  be  addressed  fully  by  the 
Secretariat? 

c.  The  delegation,  in  its  October  30  statement,  made  several  requests  and 
recommendations  in  particular.  Please  apply  them  to  the  U.S.  and  provide  your 
responses  to  each,  particularly  those  under  the  heading  "Features  of  the  Legal 
Instrument". 
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United  States  Department  of  State 
Washington,  D.C.     20520 


rPR     3  1996 


Dear  Mr.  Chairman: 

Thank  you  for  your  letter  of  November  30,  1995,  in  which 
you  asked  a  number  of  questions  about  the  IPCC,  AGBM,  and 
related  matters.   We  apologize  for  the  delay  in  our  response. 

Per  your  request,  we  have  composed  comprehensive  answers  to 
all  of  your  questions  on  behalf  of  ourselves,  the  Department  of 
Energy,  and  the  Office  of  Science  and  Technology  Policy.   In 
compiling  our  responses  we  have  consulted  with  other  agencies, 
both  domestic  and  international. 

We  hope  this  will  be  helpful  to  you  and  the  members  of  the 
Subcommittee.   If  you  have  any  questions  relating  to  this 
matter,  please  do  not  hesitate  to  contact  us. 

Sincerely, 


Barbara  Larkin 

Acting  Assistant  Secretary 

Legislative  Affairs 


Enclosures:  As  stated. 


The  Honorable 

Dana  Rohrabacher,  Chairman, 

Subcommittee  on  Energy  and  Environment, 
Committee  on  Science, 

House  of  Representatives. 
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Tab  A: 

Attachment:        Answers  to  Questions  submitted  by 

Representative  Dana  Rohrabacher, 

November  30,  1995 


1 .1  UNDERSTAND  THAT  THE  1995  IPCC  WORKING  GROUP  I  REPORT  CONTAINS  NEW 
OR  UPDATED  SCIENCE.    HOWEVER,  BECAUSE  OF  THE  EXTRAORDINARY  TIGHT 
TIMETABLES  ESTABLISHED  BY  THE  IPCC  FOR  PRODUCING  THIS  REPORT,  WORKING 

Group  II  apparently  was  required  to  base  its  estimates  of  the  impacts 
OF  climate  change  on  the  1990  AND  1992  SCIENCE  reports  of  the  EPCC.  a 
review  of  Working  Group  II's  Summary  for  Policymakers  does  not  make 
this  clear.  given  the  fact  that  some  of  the  recent  scientific  findings 
are  significantly  different  than  the  older  reports  such  use  of  old 
science  could  be  construed  as  misleading  to  the  convention  parties, 
the  media,  and  the  public. 

A. If  the  IPCC  IS  GOING  TO  REPORT  IN  WORKING  GROUP  I  ON  THE  MOST  RECENT 
SCIENCE,  WHILE  THE  EVALUATION  OF  WORKING  GROUP  II  OF  THE  IMPACTS  IS 
BASED  ON  OLDER  SCIENCE,  THEN  WHY  DOES  THE  WORKING  GROUP  II  SUMMARY 

FOR  Policymakers  fail  to  make  this  fact  clear  to  the  Parties,  the  medl\ 

AND  the  public? 

Answer:  All  three  Working  Groups  of  IPCC  were  carefully  coordinated  so 
that  there  were  no  inconsistencies  in  findings  or  assumptions,  and  so  that  all 
worked  with  the  most  recent  results.  In  particular,  the  IPCC  WG  n  report 
(both  the  chapters  and  the  summary  for  policymakers)  used  the  latest  results 
from  WG  I,  i.e.,  projected  temperature  and  sea  level  changes  of  1-3.5 
degrees  C  and  15-95  cm,  respectively  by  2100.    Hence,  IPCC  WG  II  is  not 
based  on  outdated  scientific  information  as  suggested  by  the  question.   As 
stated  in  the  testimony  of  R.  T.  Watson  before  your  subcommittee  on 
November  16,  1995,  IPCC  WG  II  primarily  focused  on  the  sensitivity  of 
human  health,  ecological  systems,  and  socio-economic  sectors  to  climate 
change-it  did  not  require  exact  temperature  or  sea  level  rise  projections 
from  IPCC  WG  I,  or  the  details  of  regional  predictions  from  General 
Circulation  Models  (GCMs),  which  are  uncertain,  as  noted  explicitly  in  the 
Summary  for  Policymakers  (SPMs)  of  both  IPCC  WG  I  and  WG  U. 

b.Why  does  this  "out-of-phase"  difference  between  the  "science"  report 

AND  the  "impacts"  REPORT  MAKE  SENSE,  GIVEN  THE  HIGH-PROFILE  AND 
EXTREMELY  IMPORTANT  NATURE  OF  THESE  REPORTS? 
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Answer:  IPCC  WG  II  recognized  at  the  beginning  of  its  work  that  the 
accuracy  of  regional  projections  remains  low.  Hence,  a  decision  was  made 
to  place  emphasis  on  sensitivity  studies,  not  on  detailed  regional  impact 
projections.  Consequently,  the  process  is  not  out-of-phase  as  suggested.  If 
regional  projections  of  climate  change  were  accurate  and  had  been  the  basis 
for  the  bulk  of  the  WG  n  assessment,  then  there  could  have  been  a  phasing 
problem.  However,  we  must  note  that  because  IPCC  assesses  the  literature 
and  does  not  do  new  research,  there  will  always  be  a  lag  between  the  latest 
scientific  projections  of  climate  change  and  assessments  of  the  consequences 
of  climate  change  on  himian  health,  ecological  systems,  and  socio-economic 
sectors. 

c.Why  is  the  us  agreeing  to  such  a  practice? 

Answer:  We  believe  that  the  practice  to  date  has  been  quite  appropriate- 
see  answers  to  questions  la  and  lb. 

D.Will  the  United  States  urge  that  the  IPCC  revise  its  process  to 
eliminate  this  dehciency,  and  if  not,  why  not? 

Answer:  As  stated  in  the  answer  to  question  Ic,  we  believe  that  the  process 
to  date  has  not  been  deficient.  However,  as  the  reliability  of  the  General 
Circulation  Models  (GCMs)  improves,  thus  making  better  regional  impacts 
projections  possible,  it  may  be  quite  appropriate  for  the  reports  of  the  three 
WGs  of  IPCC  to  be  staggered  in  time  by  about  nine  months  to  one  year. 
Such  a  decision,  which  would  be  advocated  by  the  US  at  the  appropriate 
time,  would  have  to  be  agreed  to  at  the  fiill  IPCC  plenary  that  approves  the 
work  program  and  schedule  for  the  third  assessment  report.   As  noted  in  the 
answer  to  question  Ic,  IPCC  assesses  the  literature  and  does  not  do  new 
research,  therefore  there  will  always  be  a  lag  between  the  latest  scientific 
projections  of  climate  change  and  an  assessment  of  the  consequences  of 
climate  change  on  human  health,  ecological  systems,  and  socio-economic 
sectors.  Given  the  uncertainties  in  regional  climate  projections,  this  again 
demonstrates  the  appropriateness  of  the  IPCC  WG  II's  focus  on  sensitivity 
to  climate  change,  not  just  on  the  outputs  of  GCMs. 


2. The  first  footnote  to  the  Working  Group  n  Summary  for  Policymakers 
states  that  projections  of  changes  in  temperature  and  sea  level  cited 
IN  the  report  "are  subject  to  final  approval  by  IPCC  Working  Group  I 
IN  LATE  November  1995 . "  That  in  itself  suggests  that  if  changes  in  the 
Working  Group  I  report  are  made,  corresponding  changes  in  the 
Working  Group  n  report  will  be  required  that  could  affect  the  entire 


629 


3 
Working  Group  n  report.  In  fact,  it  is  my  understanding  that  the 
Working  Group  n  Summary  for  Policymakers,  the  Working  Group  n 
underlying  documents,  and  the  other  two  IPCC  Working  Group 
reports  are  not  official  ipcc  reports  until  accepted  in  plenary  session 
IN  Rome  during  the  week  of  December  11.  If  this  is  correct,  why  then 

WAS  A  press  conference  IN  WASHINGTON,  DC  ON  THE  IPCC  WORKING  11 

Summary  for  Policymakers  held  on  October  24,  1995,  when  the 
Working  Group  I  report  could  change,  the  underlying  Second 
Assessment  Report  (SAR)  documents  were  not  available,  and  when  the 
Working  Group  II  Summary  for  Policymakers  has  not  yet  been 
accepted  under  BPCC  rules  by  the  full  IPCC  in  Plenary  Session? 

Answer:    As  a  prelude  to  addressing  this  question,  it  is  important  to  clarify 
the  IPCC  practices  and  Rules  of  Procedures.   First,  as  stated  in  the  answer 
to  question  1 ,  even  if  the  temperature  and  sea  level  projections  of  IPCC  WG 
I  had  changed  at  the  Plenary  in  Madrid,  Spain,  which  they  did  not,  it  would 
not  have  affected  the  conclusions  of  IPCC  WG  11  because  IPCC  WG  II 
primarily  assessed  the  sensitivity  of  systems  to  climate  changes  of  a 
particular  magnitude  (changes  by  IPCC  WG  I  would  mainly  affect  the 
timing  of  changes).   In  addition,  it  should  be  noted  that  the  probability  of 
changes  in  the  temperature  and  sea  level  projections  at  the  Madrid  meeting 
was  quite  low  because  the  model  projections  had  already  undergone  expert 
and  government  review  without  serious  debate.   Second,  at  the  IPCC  WG  n 
Plenary  in  Montreal,  Canada  during  the  week  of  October  16-20,  the  WG  II 
SPM  was  approved,  and  the  underlying  main  assessment  report  by  WG  n 
accepted  (subject  to  consistency  checks)  by  all  governments.   These 
documents  were  not  subject  to  change  by  governments  at  the  meeting  in 
■     Rome.   As  your  letter  states,  the  WG  EI  SPM  only  had  to  be  "accepted"  in 
Rome.   If  any  government  had  any  reservations  about  the  WG  n  SPM,  it 
could  have  noted  them  in  the  minutes  to  the  Rome  meeting  -  the  text  was, 
as  of  the  WG  II  plenary,  finalized  and  approved.   Hence,  the  press 
conference  was  consistent  with  accepted  IPCC  practices.   Press  conferences 
have  always  been  held  after  each  IPCC  WG  SPM  has  been  finalized  at  its 
WG  plenary. 


3. When  will  the  underlying  SAR  documents  be  publicly  available  in 
English?  Please  provide  two  copies  for  the  Majority  and  Minority  of 
THIS  Subcommittee. 

An.swer:  Pre-publication  copies  of  the  SPMs  for  WGs  I,  H,  and  III  and  the 
IPCC  Synthesis  Report  (which  assembles  information  from  the  SPMs 
specific  to  interpreting  Article  2  of  the  Framework  Convention  on  Climate 
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Change)  are  already  in  final  form  and  are  included  with  this  letter.  The  full 
assessment  chapters  had  undergone  final  editing  prior  to  publication  and 
have  been  sent  to  the  printers.   Copies  of  the  full  text  will  be  made  available 
when  published,  in  May. 

4. The  Working  Group  n  Summary  for  Policymakers  contains  a  list  of  authors 

AND  reviewers. 

a.Please  identify  the  USA  reviewers  and  authors,  provide  their  affiliation, 

AND  indicate  WHETHER  EACH  WAS  A  REVIEWER  OR  AUTHOR,  OR  BOTH. 

Answer:  The  individuals  formally  listed  as  authors/reviewers  of  the  SPM  attended 
at  least  one  of  several  lead  authors'  meetings  at  which  the  SPM  was  drafted  and 
reviewed,  were  authors  of  one  of  the  underlying  chapters  of  the  WG  II  report,  or 
provided  draft  text  that  was  included  in  the  SPM.  Those  individuals  from  the 
United  States  are  listed  in  the  following  table,  along  with  their  role  in  the 
assessment  and  their  professional  affiliation.  It  should  be  noted  that  many  other 
individuals  from  many  countries  and  organizations  too  numerous  to  mention 
carefully  provided  external  or  independent  review  of  the  SPM.  The  individuals 
listed  below  all  played  some  major  role  in  the  assessment  itself. 

US  Authors/Contributors  of  Summary  for  Policymakers 


Name 

Country 

Position 

Affiliation 

Robert  T.  Watson 

USA 

Co-Chair  IPCC 

wen 

White  House  Office  of  Science  and 
Technology  Policy 

Richard  H.  Moss 

USA 

Leader,  IPCC 
WG  n  TSU,  LA- 

25 

Battelle  PNW  Laboratory 

Michael  Adler 

USA 

LA-27 

Enviroimiental  Protection  Agency 

Barbara  Allen-Diaz 

USA 

CLA-2 

UC-Berkeley 

Rosina  Bierbaum 

USA 

R-SPM,  A,  1,  4, 
5,  6,  13,  14 

Office  of  Science  and  Technology  Policy 

Suzanne  Bolton 

USA 

LA- 16 

NOAA  National  Marine  Fisheries 
Service 

Sandra  Brown 

USA 

CLA-24 

Environmental  Protection  Agency 

William  Chandler 

USA 

LA-22 

Battelle  PNW  Laboratory 

Vernon  Cole 

USA 

CLA-23 

Colorado  State  University 

James  A.  Edmonds 

USA 

LA-19,  LA-25 

Battelle  PNW  Laboratory 

John  Everett 

USA 

CLA-16 

NOAA  National  Marine  Fisheries 
Service 

Douglas  G.  Fox 

USA 

CLA-5 

Forest  Service/USDA 

Peter  M.  Groffman 

USA 

LA-6, 

Institute  of  Ecosystem  Studies 
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Howard  Gruenspecht 

USA 

R-19,  SPM 

Department  of  Energy 

Steven  P.  Hamburg 

USA 

CA-A 

Brown  University 

Paul  Komor 

USA 

LA-22 

Office  of  Technology  Assessment 

Mark  D.  Levine 

USA 

CLA-22 

Lawrence  Berkeley  Laboratory 

Michael  MacCracken 

USA 

LA-25 

US  Global  Change  Research  Program 

John  J.  Magnuson 

USA 

CLA-10 

University  of  Wisconsin 

Gregg  Marland 

USA 

LAB 

Oak  Ridge  National  Labs 

Ed  Miles 

USA 

LA-8 

University  of  Washington 

William  Moomaw 

USA 

LA-20,  LA-U 

Fletcher  School  of  Law  and  Diplomacy, 
Tufts  University 

Patrick  Mulholland 

USA 

CLA-10 

Oak  Ridge  National  Laboratory 

Rick  Piltz 

USA 

R-SPM 

US  Global  Change  Research  Program 

Warren  T.  Piver 

USA 

LA- 18 

National  Institute  of  Environmental 
Health  Sciences 

John  Reilly 

USA 

CLA-13 

Department  of  Agriculture 

Jayant  Sathaye 

USA 

CLA-24 

Lawrence  Berkeley  Laboratory 

Michael  J.  Scott 

USA 

CLA-12 

Battelle  PNW  Laboratory 

David  Shriner 

USA 

R-SPM,  CA-25 

Office  of  Science  and  Technology  Policy 

Allen  M.  Solomon 

USA 

CLA-15 

Environmental  Protection  Agency 

Eugene  Z.  Stakhiv 

USA 

LA-9 

Army  Institute  for  Water  Resources 

David  Streets 

USA 

CLA-28 

Argonne  National  Laboratories 

Melissa  Taylor 

USA 

LA-6,  LA- 10 

Tufts  University,  (formerly  WGO  TSU) 

Dennis  Tirpak 

USA 

CLA-27 

Environmental  Protection  Agency 

L-aura  Van  Wie 

USA 

WG  n  TSU 

University  Corporation  for  Atmospheric 
Research 

Stanley  Jeffress  Williams 

USA 

R-8,  -9,  -SPM 

Geological  Survey 

Ted  Williams 

USA 

LA-28,  R-SPM 

Department  of  Energy 

NOTE:  CLA  -  Convening  Lead  Author  of  Chapter-XX 

LA  -  Lead  or  Principal  Lead  Author  of  Chapter-XX 

CA  -  Contributing  Author-XX 

R  -  Reviewer-XX 

SPM  -  Summary  for  Policymakers 

TSU  -  Technical  Support  Unit 

b.Who  were  the  lead  USA  authors? 

Answer:  See  answer  to  question  4a. 


c.Are  any  reviewers  from  the  private  sector  (i.e.,  business,  industry,  labor, 

AGRICULTURE,  OR  ENVIRONMENTAL  ORGANIZATIONS)?    IF  THERE  WERE  NONE,  PLEASE 
EXPLAIN  HOW  THE  WORKING  GROUPS  OBTAIN  THE  EXPERIENCE  AND  EXPERTISE  OF  THE 
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PRIVATE  SECTOR.    IF  THERE  WERE  PRIVATE  SECTOR  AUTHORS  OR  REVIEWERS,  PLEASE 
IDENTn=Y  THEM  AND  PROVIDE  THEIR  AEHLIATION. 

Answer:  As  described  in  Annex  II  of  the  written  testimony  of  Dr.  R.  T.  Watson  to 
this  subcommittee,  the  SPM  was  extensively  and  independently  reviewed  by  both 
individuals  and  organizations  who  were  not  involved  in  drafting  the  text.   On  or 
about  March  6,  1995,  the  WG  E  Technical  Support  Unit  (TSU)  sent  out  the 
integrated  draft  of  its  assessment  report,  including  the  SPM,  to  governments, 
scientific  experts,  and  IPCC-affiliated  non-governmental  organizations  for  review, 
in  accordance  with  the  IPCC  rules  of  procedure.  Approximately  610  packages 
were  mailed  out,  including  many  to  non-governmental  organizations  in  both  the 
industry  and  environmental  communities.  Governments  and  other  organizations  in 
turn  often  tapped  ftirther  scientific  experts  and  non-governmental  organizations  to 
contribute  to  their  reviews.  For  instance,  the  US  government  actively  solicited 
comments  from  the  public  by  placing  a  notice  in  the  Federal  Register  during  the 
week  of  March  6,  1995.  The  US  Government  received  comments  from  227 
reviewers  and  a  dozen  government  agencies  to  fold  into  the  unified  US  response. 
Many  other  governments  structured  meetings  and  processes  to  review  the  report 
that  engaged  many  interested  parties  who  have  a  stake  in  the  outcome. 


5.1  UNDERSTAND  THAT  IPCC  PROCEDURES  INDICATE  THAT  CONTROVERSIES 
SHOULD  BE  DISCLOSED  AND  ANY  "SUBSTANTIAL  DISAGREEMENTS"  NOTED. 

However,  as  far  as  I  can  tell,  the  IPCC  "Summaries  for  Policymakers" 

CONTAIN  FEW,  IF  ANY,  REFERENCES  TO  DISAGREEMENTS. 

A.WHY  IS  THIS  SO? 

Answer:  The  text  of  the  SPM  for  IPCC  WG  n,  which  clearly  shows  areas 
of  uncertainty,  was  agreed  to  verbatim  by  all  governments  in  Montreal, 
Canada.   The  text  was  crafted  such  that  all  scientists  and  government 
delegates  could  fiilly  support  it.  Uncertainties  and  disagreements  are  clearly 
discussed  in  the  underlying  documents,  but  at  the  level  of  detail  provided  in 
the  SPM  there  were  no  major  disagreements  among  the  govenmient 
delegations.   While  the  approved  text  included  statements  that  were  weaker 
than  what  many  delegations  thought  the  underlying  documents  supported, 
the  report  can  be  viewed  as  a  consensus  statement  of  our  current  knowledge. 

B.  Are  the  Parties,  as  policymakers,  really  expected  to  believe  that  the 

SCIENTISTS  AND  OTHER  AUTHORS  HAVE  FEW  DISAGREEMENTS  AMONG 
THEMSELVES  ON  SUCH  DIFFICULT  AND  CONTROVERSL\L  TOPICS,  AND  IF  SO,  WHY? 


633 


7 
Answer:   Yes,  see  the  answer  to  question  5a.   The  breadth  of  scientific 
expert  opinion  is  indicated  in  the  SPMs.  The  review  and  approval  approach 
allow  those  with  a  wide  range  of  expert  perspectives  to  support  common 
text.   As  a  result  the  government  delegates  unanimously  agreed  on  the  SPM; 
that  such  important  conclusions  are  so  widely  agreed  to  be  an  indication 
that,  while  uncertainties  exist,  there  is  a  strong  underlying  basis  for  the 
conclusions  that  are  drawn.  While  many  delegations  may  have  wanted 
stronger  statements  in  some  areas,  and  some  delegations  weaker  statements, 
the  approach  normally  taken  in  IPCC  SPMs  is  to  craft  a  consensus  statement 
of  the  current  state  of  knowledge  that  describes  scientific  disagreements  in 
terms  of  ranges  of  uncertainty. 

C.WOULD  A  FULLER  DISCUSSION  AND  TREATMENT  OF  CONTROVERSIES  AND 
DISAGREEMENTS  IN  THE  "SUMMARIES  FOR  POLICYMAKERS"  ENHANCE  THE  VALUE 
OF  THESE  REPORTS  TO  POLICYMAKERS,  AND  IF  NOT,  WHY  NOT? 

Answer:  The  SPMs  must  seek  a  balance  between  the  brevity  and  clarity 
typically  requested  by  policymakers  and  the  expansiveness  sought  by 
scientists  to  explain  what  is  well  known,  less  well  known,  poorly  known, 
and  controversial.  We  believe  that  an  appropriate  balance  has  been  struck  in 
the  SPMs  that  have  been  approved  by  broadening  the  language  to 
accommodate  the  ranges  of  expert  opinion.   Also,  the  underlying  documents 
provide  extensive  additional  information  that  can  be  pursued  by  those 
interested  in  having  added  detail. 

6. The  public  and  the  media  are  led  to  believe  that  an  IPCC  "Summary 
FOR  Policymakers"  represents  the  views  of  hundreds  of  the  world's 

LEADING  scientists  AND  EXPERTS.    HOWEVER,  I  UNDERSTAND  THAT  FEW  OF 

the  many  scientists  and  experts  who  helped  develop  the  underlying 
reports  are  present  at  the  meetings  for  a  review  of  the  summaries. 
But  that  does  not  change  the  fact  that  in  the  final  analysis,  the 
selection  of  materl\l  to  present  to  governments  in  the  summaries  is  a 
highly  subjective  and  political  process,  and  not  a  scientific  process. 
The  few  scientists  or  experts  present  at  the  plenary  meetings  may  help 

THE  policymakers  AVOID  MAKING  STATEMENTS  THAT  ARE  NOT  TECHNICALLY 
ACCURATE,  BUT  THE  FINAL  SUBSTANCE  AND  TONE  OF  THESE  REPORTS  TEND  TO 
INVOLVE  POLICY  AND  POLITICAL  JUDGMENTS,  AND  NOT  SCIENTIFIC  JUDGMENTS. 

A.WHY  ARE  THE  PUBLIC  AND  THE  MEDIA  LED  TO  BELIEVE  THAT  THESE  SUMMARIES 
HAVE  BEEN  DRAFTED  BY  "THE  WORLD'S  BEST  SCIENTISTS"? 

Ansvyer:  The  SPMs  are  intended  to  convey  a  summary  of  scientific 
knowledge  in  language  readily  understandable  to  policymakers  and  the 
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public.  The  scientific  participants  (typically  chapter  lead  authors)  have  the 
responsibility  to  draft  the  SPMs  and  then,  as  questions  arise  from  the 
government  delegations  and  other  participants,  to  help  ensure  any  revisions 
for  clarity  (particularly  as  the  text  might  be  translated),  balance,  and 
completeness  are  scientifically  consistent  with  the  underlying  text.   Thus, 
the  IPCC  WG  n  SPM  was  written  by  scientists  (primarily  the  lead  authors 
of  the  BPCC  WG  n  chapters)  in  conjunction  with  the  IPCC  WG  n  leadership 
(who  are  themselves  scientists).  The  lead  authors,  representing  all  of  the 
scientists  that  prepared  the  underlying  chapters,  determined  what  material 
was  relevant  for  the  SPM  in  conjunction  with  the  IPCC  WG  II  leadership. 
Therefore,  the  draft  document  represented  the  views  of  the  world's  best 
scientists,  and  was  consistent  in  scope  and  tone  with  the  underlying 
assessment  reports.  The  WG  n  SPM  draft  text  was  then  considered,  revised 
(as  indicated  above)  and  approved  by  the  government  delegations  (most  led 
by  scientific  program  leaders).  A  fuller  explanation  was  presented  in  the 
testimony  of  R.  T.  Watson  before  your  subcommittee  on  November  16, 
1995,  and  is  extracted  here: 

"The  Summary  for  Policymakers  (SPM)  of  the  Working  Group  II 
contribution  to  the  Second  Assessment  Report  was  the  product  of 
9  months  of  interactions  between  members  of  the  Working  Group 
n  Bureau,  Lead  Authors  from  all  chapters  of  the  report,  outside 
experts,  and  the  Working  Group  n  Technical  Support  Unit. 

Initiai  Draft 

Following  the  expert  review  of  the  draft  chapters  of  the 
assessment,  the  outline  for  the  SPM  was  developed  and  approved 
by  the  Co-Chairs,  the  Bureau,  and  Lead  Authors  during  the  Lead 
Authors  Meeting  held  during  9-13  January  1995  in  Geneva, 
Switzerland.  A  first  draft  of  the  SPM  was  started  at  this  meeting 
and  completed  on  23  January  (this  meeting  was  attended  by  over 
100  scientists).  The  draft  was  circulated  for  review  by  the 
scientists,  and  revised  twice,  before  distribution  to  governments 
for  review.  Reviewers  included  the  Working  Group  II  Bureau, 
all  Convening  Lead  Authors,  a  developing  country  Principle 
Lead  Author  from  each  chapter,  the  IPCC  Chair  and  Secretary, 
and  the  Co-Chairs  and  Technical  Support  Units  of  IPCC  Working 
Groups  I  and  m. 

Government  Review 

The  SPM  was  circulated  to  governments,  organizations,  and 
expert  reviewers  as  part  of  the  Government  Review  of  the 
Working  Group's  draft  contribution  to  the  Second  Assessment 
Report,  from  6  March  to  28  April.  This  included  mailings  from 
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the     Technical     Support     Unit     to     141     governments,     61 
organizations,  and  237  expert  reviewers.  Comments  on  chapters 
and/or    the    SPM    were    received    from    295    governments, 
organizations,  and  expert  reviewers. 

Preparation  of  Final  Draft 

The  comments  on  the  SPM  and  draft  chapters  were  reviewed  at 
the  Lead  Authors  Meeting  held  during  5-9  June  in  Charleston, 
South  Carolina  (this  meeting  was  attended  by  about  100 
scientists).  At  this  time,  lead  authors  discussed  the  comments  on 
the  SPM  and  recommended  revisions  to  the  drafting  team.  A 
revised  SPM  was  produced  and  distributed  to  lead  authors  before 
they  left  the  meeting.  Additional  comments  were  submitted  in 
writing  by  lead  authors  during  June  and  early  July.  The  draft 
underwent  two  ftirther  internal  cycles  of  review  and  revision  by 
the  Working  Group  11  Bureau,  convening  lead  authors,  other  lead 
authors  who  attended  the  Charleston  meeting,  the  IPCC  Chair 
and  Secretary,  and  the  Co-Chairs  and  Technical  Support  Units  of 
IPCC  Working  Groups  I  and  III.  The  final  draft  SPM  was  sent 
to  governments  and  organizations  on  15  September  1995  in 
preparation  for  the  Montreal  plenary  16-20  October  1995. 

Final  Approval  of  the  SPM 

Governments  and  organizations  submitted  written  comments  on 
the  final  draft  prior  to,  and  at,  the  IPCC  Working  Group  II 
Plenary  meeting  in  Montreal  (October  16-20).  These  comments 
were  distributed  to  all  meeting  attendees.  The  draft  SPM  was 
discussed  paragraph  by  paragraph  and,  after  debate  and 
modifications,  approved  verbatim.  Lead  authors  were  present  to 
discuss  the  scientific  and  technical  aspects  of  the  SPM  and 
relevant  assessment  chapters." 

b.Why  are  the  public  and  the  Parties  not  informed  that  scientists  have 
prepared  an  extremely  lengthy  report  and  that  government 

representatives,  not  THE  SCIENTISTS  OR  AUTHORS,  HAVE  ATTEMPTED  TO 
SUMMARIZE  IT  FOR  POLICY  PURPOSES? 

Answer:  As  stated  in  the  answer  to  question  6a,  the  IPCC  WG  II  SPM  was 
prepared  by  scientists,  in  conjunction  with  the  technical  support  unit  for  WG 
n,  not  governments.   The  SPM  was  clearly  based  on  the  expert  and 
government  peer-reviewed  assessment  chapters  of  WG  II. 


23-558    96-21 
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c.i  also  understand  that  changes  in  the  summaries  suggested  by  business 
and  environmental  non-government  organizations  represented  at  the 
meetings  to  review  the  summaries  are  generally  not  accepted  by  the 
Chair,  regardless  of  their  merit,  unless  there  is  support  from  the 
government  representatives  present.  is  my  understanding  correct, 
and  if  so,  please  explain  why  their  views  are  not  considered  and 
accepted  except  through  governments? 

Answer:  The  Co-chair  of  IPCC  WG  H  (R.  T.  Watson  of  the  U.S.  and  M. 
C.  Zinyowera  of  Zimbabwe)  do  not  have  the  authority  for  accepting  or 
rejecting  any  suggested  changes,  whether  fi-om  governments  or  from  NGOs, 
independent  of  their  merit  or  lack  thereof.   The  SPM  has  to  be  approved 
verbatim  by  governments,  not  by  the  chairs  of  IPCC  WG  II  or  the  NGOs. 
The  process  used  by  IPCC  WG  II  in  Montreal  was  very  open.   All 
comments  on  the  SPM,  whether  submitted  by  a  government,  a  scientific 
expert,  or  by  an  NGO  (industry  or  environmental  organization),  were 
collated  together  for  all  delegates  to  take  into  consideration  as  the  SPM  was 
discussed  and  finalized.   Roughly  one-third  of  all  comments  were  submitted 
by  U.S.  industry,  primarily  through  the  Global  Climate  Coalition  (GCC) 
and  the  Climate  Council.   Therefore,  all  governments  had  all  the  written 
comments  of  the  GCC  and  the  Climate  Council  for  their  consideration. 
IPCC  WG  n  co-chairs  frequently  recommended  to  delegates  that  suggested 
changes  (both  from  governments  and  NGOs)  be  accepted  without  debate 
because  they  clearly  improved  the  text  ~  and  the  government  representatives 
agreed  with  most  of  these  suggested  changes.  All  other,  usually  more 
controversial  suggested  changes,  whether  from  governments  or  from  NGOs, 
were  discussed  in  the  open  Plenary.    The  fact  that  in  most  instances  the 
suggested  changes  by  the  GCC  and  the  Climate  Council  were  not  supported 
by  government  delegates  was  based  solely  on  the  merits  of  the  comments 
with  respect  to  the  underlying  text,  as  evaluated  by  the  government 
delegates  (who  were  mainly  scientific  program  leaders).    In  most  cases, 
even  countries  that  are  typically  quite  skeptical  of  the  scientific  findings  did 
not  support  comments  ft-om  the  GCC  and  Climate  Coalition,  suggesting  that 
their  views  were  not  consistent  with  the  underlying  chapters  and  consensus 
of  scientific  opinion. 


7.THE  Working  Group  n  Summary  for  Policymakers  is  silent  on  an 

ESSENTIAL  POINT  FOR  POLICYMAKERS  TO  UNDERSTAND;  NAMELY,  THAT  NON- 
CLIMATIC  INFLUENCES  MAY  BE  MORE  IMPORTANT  FROM  A  POLICY  PERSPECTIVE 
THAN  CLIMATIC  INFLUENCES.    WHILE  SCIENTISTS  MAY  HAVE  PREPARED  THE 
ORIGINAL  DOCUMENTS  FROM  WHICH  THE  IPCC  LEADERSHIP  WORKED,  THE 
CONTENT  OF  THE  FINAL  SUMMARY  DOCUMENTS  SENT  TO  GOVERNMENTS  IS  THE 
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responsibility  of  the  ipcc  leadership.  in  practice,  i  understand  that 
many  governments  rely  on  the  judgment  of  the  ipcc  leadership  for 
the  selection  of  material  because  they  have  small  or  non-existent 
budgets  for  this  type  of  review.  hence,  the  judgment  of  the  ipcc 
leadership  is  extremely  critical  in  determining  the  final  content  of 
these  documents.  i  also  understand  that  the  following  passages  from 
the  underlying  science  report  are  absent  from  the  working  group  ii 
Summary  for  Policymakers  document: 

"Climate  will  occur  against  a  background  of  other  non-climate 
environmental  and  socioeconomic  factors  that  could  either  exacerbate  or 
mitigate  the  effects  of  climate  change.  these  other  factors  may,  in  some 
cases,  dominate  climate  change. 

"non-climate  effects  may  be  more  important  than  climate  change.  local 
environmental  and  socioeconomic  situations  are  changing  rapidly  for 
reasons  other  than  climate  change.  worldwide  population  growth, 
industrialization,  urbanization,  poverty,  technological  change,  and 
government  policy  could  overwhelm  any  effects  of  climate  change. " 

a. is  my  understanding  of  these  omissions  accurate? 

Answer;  While  these  exact  words  are  not  in  the  IPCC  WG  II  SPM,  the  text 
fully  acknowledges  and  deals  with  this  issue.   For  example,  three  of  the 
major  conclusions  on  pages  3  and  4  of  the  Summary  for  Policymakers 
(SPM-3  and  SPM-4)  address  this  issue: 

Under  the  heading  "Human-induced  climate  change  adds  an  important  new 
stress"  it  states:    "Human-induced  climate  change  represents  an  important 
additional  stress,  particularly  to  the  many  ecological  and  socio-economic 
systems  already  affected  by  pollution,  increasing  resource  demands,  and 
non-sustainable  management  practices"  (emphasis  added). 

Under  the  heading  "Impacts  are  difficult  to  quantify,  and  existing  studies  are 
limited  in  scope":    "qualitative  projections  of  the  impacts  are  difficult 
because  ....systems  are  subject  to  multiple  climatic  and  non-climatic 
stresses"  (emphasis  added). 

Under  the  heading  "Detection  will  be  difficult,  and  unexpected  changes 
cannot  be  ruled  out"  it  states:  "detection  will  be  difficult  because  they  are 
sensitive  to  a  large  number  of  climatic  and  non-climatic  factors."  (emphasis 
added).   The  text  also  notes  that  the  development  of  a  baseline  projecting 
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future  conditions  without  climate  change  is  crucial,  for  it  is  this  baseline 
against  which  all  projected  impacts  are  measured. 

This  issue  is  also  dealt  with  at  a  number  of  other  places  later  in  the  SPM. 

B.GlVEN  THE  EXTREMELY  CONSTRICTED  TIME  ALLOWED  TO  REVIEW  THE  IPCC 
WORK  PRODUCTS,  WHY  WERE  THESE  IMPORTANT  AND  RELEVANT  POLICY 
STATEMENTS  NOT  INCLUDED  IN  THE  SUMMARY  FOR  POLICYMAKERS  DRAFTS 
SENT  TO  GOVERNMENTS? 

Answer:  All  IPCC  WG  II  documents,  including  the  SPM,  state  quite 
categorically  that  the  effects  of  climate  change  must  be  viewed  in  the  context 
of  all  other  likely  changes.  Adequate  time  was  available  to  cover  these 
issues  and  these  issues  were  included  as  a  basis  of  all  our  work. 

C.WHY  did  the  IPCC  LEADERSHIP  THINK,  WITH  APPARENT  U.S.  AGREEMENT  OR 
AT  LEAST  SILENCE,  THAT  IT  WAS  UNIMPORTANT  TO  INFORM  GOVERNMENTS  THAT 
NON-CLIMATIC  EFFECTS  COULD  BE  EXTREMELY  IMPORTANT? 

Answer:  IPCC  leadership  and  the  U.S.  government  felt  that  this  issue  was 
critical,  which  is  why  it  is  so  clearly  discussed  in  the  SPM.  The  first  three 
pages  of  the  SPM,  for  example,  clearly  note  that  climate  change  must  be 
placed  in  the  context  of  other  changes. 

D.WAS  THE  IPCC  LEADERSHIP  WAITING  TO  SEE  IF  ANY  GOVERNMENT  FIRST  READ 

the  large  document,  discovered  this  conclusion,  and  then  felt 
strongly  enough  about  it  to  insist  that  it  be  included,  or  is  it  possible 
that  the  ipcc  leadership  may  be  attempting  to  influence  world 
government  action  by  selective  omission  of  critical  information? 
Please  elaborate. 

Answer:  As  stated  above,  this  issue  is  dealt  with  forthrightly  in  the  SPM 
and  is  an  important  matter  to  all  governments. 

8.  A  number  of  RECENT  MEDL\  REPORTS  SUGGEST  THAT  CLIMATE  MODELS  HAVE 
IMPROVED  SIGNIFICANTLY  AND  ARE  NOW  SUFFICIENTLY  ACCURATE  FOR  POLICY 
PURPOSES,  DESPITE  REMAINING  IMPERFECTIONS.  THESE  MEDIA  REPORTS  FURTHER 
SUGGEST  THAT  THE  MOST  IMPORTANT  IMPROVEMENT  IN  CLIMATE  MODELS  HAS 
BEEN  THE  INCLUSION  OF  THE  EFFECTS  OF  SULFATE  AEROSOLS.  THE  CLAIM  IS 
MADE  THAT  CLIMATE  MODELS  CAN  NOW  ACCURATELY  REPRODUCE  THE  CLIMATE 
OF  THE  PAST  100  YEARS,  IMPLYING  THAT  FORECASTS  OF  THE  FUTURE  MUST 
THEREFORE  BE  MORE  RELIABLE.  HOWEVER,  THE  IMPROVED  IPCC  "BACK-CAST" 
OF  HISTORICAL  GLOBAL  TEMPERATURES  COULD  NOT  HAVE  TAKEN  PLACE  WITHOUT 
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ACCESS  TO  A  GLOBAL  RECORD  OF  SULFATE  AEROSOL  CONCENTRATIONS  FOR  THE 
PAST  100  YEARS. 

Comment/Clarification :  Before  addressing  the  specific  questions,  it  is  first 
very  important  to  clarify  several  aspects  of  this  underlying  statement  of  the 
premises  for  the  questions: 

1.  The  EPCC  does  not  itself  do  research,  so  the  IPCC  does  not  "back-cast" 
(obtain  records,  produce  a  sulfate  history,  etc.),  but  draws  on  the  work 
of  others.  The  peer-reviewed  work  that  the  IPCC  draws  from  is  carried 
out  by  thousands  of  scientists  around  the  world  and  its  findings  are 
drafted  by  a  set  of  experts  drawn  from  this  assemblage.  The  IPCC  then 
evaluates,  synthesizes,  and  analyzes  the  peer-reviewed  research  to 
provide  an  integrated,  comprehensive,  and  balanced  assessment  that 
represents  the  state  of  current  understanding;  in  doing  this  the  IPCC 
does  rely  on  some  special  simulations  done,  using  existing  peer-reviewed 
models,  for  its  consideration  to  aid  in  intercomparisons  and 
interpolations  of  research  results  that  it  considers.   But  this  is 
assessment,  rather  than  new  research.  The  IPCC  then  presents  its  draft 
findings  for  review,  finalization,  and  distribution. 

2.  The  statement  above  seems  to  evince  a  reliance  on  "media  reports"  as  a 
basis  for  determining  what  results  may  now  be  "sufficiently  accurate  for 
policy  purposes."  We  strongly  recommend  that  reliance  should  be 
placed  on  the  IPCC  assessments  (or  similar  broadly  based  and  widely 
reviewed  assessments)  for  the  most  reliable  information.  These 
assessments  seek  to  provide  as  sound  a  scientific  basis  as  possible  for 
consideration  by  policymakers,  who  are  charged  with  the  responsibility 
for  determining  at  what  point  information  is  sufficient  for  policy  action. 
The  IPCC  makes  no  attempt  to  determine  if  sufficient  information  might 
be  available. 

3.  We  are  not  aware  of  any  IPCC  claim  that  "climate  models  can  now 
accurately  reproduce  the  climate  of  the  past  1(X)  years"  as  suggested  in 
your  question.  The  results  do  show  that  the  climate  models  can  more 
accurately  represent  the  climate  of  the  past  100  years  now  that  the 
radiative  forcing  by  sulfate  aerosols  is  being  considered  (still  somewhat 
uncertain).   For  example,  the  IPCC  WG  I  assessment,  in  Chapter  6, 
section  6.2.1.2,  notes  that  "when  the  cooling  due  to  aerosols  is  included, 
then  an  improved  agreement  with  the  observational  record  of  global 
mean  temperature  is  found. . . . "  Chapter  8  makes  similar  statements 
about  improved  agreement.   This  improvement  is  not  claimed  as  an 
improvement  in  the  models  themselves  (although  improvements  are 


640 


14 
indeed  taking  place),  but  is  an  improvement  in  the  specification  of  the 
simulation  experiments  that  the  models  are  being  used  to  perform. 
Indeed,  it  is  believed  that  as  the  specification  of  the  simulation 
experiments  for  the  future  (i.e.,  scenarios)  improves  (in  this  case  by 
including  the  actual  and  potential  effects  of  sulfate  aerosols),  more 
confidence  can  be  placed  in  the  projections  of  future  climatic  change.  It 
should  be  recognized  that  throughout  its  assessment,  the  IPCC 
recognizes  that  there  still  remain  many  uncertainties;  in  recognition  of 
these  uncertainties,  the  projections  of  changes  all  have  ranges  associated 
with  them.   Over  time,  as  a  result  of  improvements  in  models  and  in  the 
specification  of  experiments,  we  expect  these  uncertainties  to  diminish 
but  they  will  never  completely  disappear. 

A. Since  sulfate  aerosol  concentrations  have  only  been  measured  for  a 

FEW  DECADES,  WHAT  IS  THE  U.S.  UNDERSTANDING  OF  WHERE  THE  IPCC 
OBTAINED  A  100- YEAR  GLOBAL  RECORD  OF  SULFATE  CONCENTRATIONS  FOR 
INPUTTING  INTO  THE  MODELS? 

An-swer:  Because  sulfate  aerosols  have  a  relatively  short  lifetime  (on 
average,  several  days),  it  is  possible  to  quite  accurately  estimate  atmospheric 
burdens  based  on  emissions  of  sulfur  dioxide  and  some  relatively  straight- 
forward model  simulations  of  atmospheric  mixing  and  dispersion  and  the 
regional  and  seasonal  variations  in  meteorological  conditions.  The  emissions 
of  sulfur  dioxide  can  be  quite  reasonably  reconstructed  (probably  to  within 
about  10%)  using  the  relatively  accurate  records  of  combustion  of  coal  and 
other  fossil  fuels  and  of  smelting  metals.  Most  of  the  growth  in  emissions  of 
sulfur  dioxide  at  levels  large  enough  to  be  of  climatic  importance  has 
occurred  since  about  1940,  mainly  in  the  industrialized  nations  where 
information  on  the  amount  and  spatial  pattern  is  generally  available. 
Emissions  in  the  U.S.  and  some  other  nations  climbed  through  the  1970s 
and,  in  some  cases,  the  1980s,  and  have  generally  declined  since  then 
because  of  recent  controls.  Global  totals,  however,  have  become  more  and 
more  influenced  by  emissions  in  developing  nations.   While  the  height  of  the 
emissions  can  be  of  some  importance,  atmospheric  chemistry  models 
together  with  information  from  the  observational  record,  provide  a 
reasonable  initial  basis  for  reconstructing  the  atmospheric  sulfate  burden  for 
use  in  model  simulations  of  the  climatic  effects  of  aerosols. 

To  reiterate  point  1  above,  the  IPCC  did  not  "obtain"  this  record;  each  of  a 
number  of  different  investigators  around  the  world  has  considered  the 
available  information,  assembled  a  record  of  emissions,  and  then  used  an 
atmospheric  model  (or  similar  approach)  to  create  a  distribution  and  history 
of  sulfate  aerosol  concentrations  for  use  in  climate  simulations.  The  IPCC 
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report  provides  reference  to  each  investigator,  who  in  turn  describes  the 
specific  aspects  of  how  their  calculations  were  done;  the  similarity  in  these 
various  results  and  their  peer-review  by  the  community  add  significant 
confidence  to  their  results. 

B. How  RELIABLE,  IN  THE  JUDGMENT  OF  U.S.  EXPERTS,  IS  THE  ARTIFICL\L  SULFATE 
AEROSOL  HISTORY  PRODUCED  BY  THE  IPCC. 

Answer:  To  reiterate  again  point  1  above,  the  IPCC  has  not  "produced" 
these  results;  the  IPCC  summarizes  and  assesses  peer-reviewed  science 
performed  around  the  world,  it  being  the  best  and  most  reliable  information 
available.   With  respect  to  the  accuracy  of  the  estimates,  as  indicated  in 
answer  to  Question  8(a),  the  record  of  sulfur  dioxide  emissions  is  probably, 
on  average,  accurate  to  within  about  10%.   The  calculated  history  of  the 
aerosol  burden  resulting  from  this  history  of  emissions  is,  in  turn,  somewhat 
less  accurate,  but  there  is  no  indication  that  the  estimates  of  the  climatic 
pattern  resulting  from  aerosol  effects  is  particularly  sensitive  to  these 
uncertainties.   The  more  appropriate  uncertainty  to  consider,  which 
integrates  issues  concerning  aerosol  concentrations  and  their  radiative 
effects,  is  that  of  the  radiative  forcing  resulting  from  the  history  of  aerosol 
concentrations.   The  direct  radiative  effects  of  aerosols  are  reasonably  well- 
understood  (IPCC  gives  a  range  from  -0.2  to  -0.8  watts  per  square  meter); 
the  indirect  effects  of  aerosols  in  cloudy  skies,  where  they  may  affect  the 
reflectivity,  extent,  and  duration  of  clouds  are  much  less  certain.   The  large- 
scale  (i.e.,  continental)  pattern  of  forcing,  upon  which  the  detection  studies 
most  depend,  is  likely  somewhat  more  certain  than  the  estimates  of  the 
magnitude  of  the  forcing.  Presumably,  both  the  patterns  and  actual  values 
will  become  more  accurately  simulated  if  and  when  research  on  aerosol 
effects  provides  the  needed  measurements  and  understanding. 

C.HOW  MANY  CLIMATE  MODEL  RUNS  HAVE  BEEN  CONDUCTED  USING  ESTIMATES  OF 
SULFATE  AEROSOL  EFFECTS? 

Answer:  Quite  a  number  of  model  simulations  have  been  carried  out  that 
include  sulfate  aerosol  effects;  however,  no  simulations  have  yet  been  able 
to  include  all  effects  and  interactions  of  sulfate  aerosols.   Specifically,  we 
are  aware  of  the  following  climate  change  simulations  with  general 
circulation  models:  (a)  time-dependent  simulations  of  the  history  of  sulfate 
aerosol  effects,  generally  with  a  simplified  representation  of  only  the  clear- 
sky  effects  of  the  aerosols,  have  been  conducted  at  the  UK  Hadley  Center 
(five  simulations)  and  the  Max  Planck  Institute  (MPI)  in  Hamburg,  Germany 
(two  simulations);  additional  simulations  are  underway  at  several  institutions 
around  the  world,  including  the  National  Center  for  Atmospheric  Research 
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in  Boulder  CO;  (b)  simulation  of  the  present  clear-sky  effects  of  sulfate 
aerosols  on  climate  using  models  that  actually  simulate  the  movement  and 
evolving  concentrations  of  aerosols  have  been  conducted  at  the  Lawrence 
Livermore  National  Laboratory  (LLNL);  and  (c)  simulations  of  the  present 
clear-sky  effects  of  aerosols  using  somewhat  simplified  representations  of 
aerosols  effects  have  been  conducted  at  the  Hadley  Center  (six  simulations), 
MPI,  and  at  least  two  other  institutions.   These  simulations  (including  one  at 
the  NOAA  Geophysical  Fluid  Dynamics  Laboratory  in  Princeton  NJ)  all 
suggest  that,  while  aerosol  effects  on  atmospheric  radiation  are  mainly  in 
and  downwind  of  industrialized  regions,  the  atmospheric  response  to  these 
perturbations  can  extend  to  a  much  greater  range  (e.g.,  hemispheric).   In 
addition,  several  groups  are  doing  simulations  to  further  clarify  the  radiative 
forcing  from  aerosols  that  should  be  used  in  the  climate  change  calculations; 
among  groups  in  addition  to  those  above  are  the  Pacific  Northwest  National 
Laboratory,  which  is  looking  very  closely  at  sulfate  and  other  aerosol  effects 
(especially  on  cloud  properties),  and  the  Brookhaven  National  Laboratory. 
Simulations  with  simplified  or  calibrated  climate  models  have  also  been 
conducted  by  quite  a  few  investigators.   All  of  the  results  are  generally 
consistent,  the  primary  shortcoming  being  that  the  effects  of  sulfate  aerosols 
on  clouds  cannot  yet  be  confidently  included  in  the  calculations. 

D.HOW  MANY  DIFFERENT  SETS  OF  ASSUMPTIONS  (I.E. ,  POPULATION  GROWTH  RATES, 
TECHNICAL  CHANGE,  GOVERNMENT  POLICY,  ETC.)  WERE  INCLUDED  IN  THESE 
EVALUATIONS? 

Answer;  In  simulations  of  the  past  100  years  and  present  conditions,  each 
modeling  group  has  made  simulations  based  on  well  established  values  for 
the  history  of  population,  emissions,  technologies,  and  government  policies. 
In  estimating  future  effects,  the  very  computer  intensive  general  circulation 
models  have  used  IPCC's  IS92a  set  of  assumptions  (i.e.,  world  population 
rising  to  11.3  billion  in  2100,  2.3%  annual  grovilh  in  GNP,  etc.),  which  is 
the  baseline  used  by  all  groups  for  their  initial  or  baseline  calculations  in 
-'^^  order  to  facilitate  intercomparisons.  Because  the  IPCC  assessment  has 
identified  six  different  scenarios  based  on  differing  assumptions  about 
population,  technology,  and  other  factors,  the  IPCC  has  relied  upon  a 
simplified  climate  model,  which  has  been  calibrated  to  the  global  general 
circulation  models  by  fitting  to  a  wide  number  of  different  climate  change 
simulations,  to  develop  projections  of  combined  greenhouse  gas  and  sulfate 
aerosol  effects  for  all  of  the  various  scenarios  and  the  fijll  range  of  plausible 
sensitivities  of  climate  to  changes  in  the  atmospheric  radiation  balance.  This 
calibrated  model  has  also  been  used  to  explore  the  general  character  of  the 
effects  on  the  results  of  various  possible  assumptions  for  the  cloudy-sky 
influence  of  sulfate  aerosols. 
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E.IS  A  LIMITED  EVALUATION  OF  A  NEW  THEORY  IN  A  FEW  MODEL  RUNS,  WITH  A 
LIMITED  SET  OF  ASSUMPTIONS,  SUFFICIENT  TO  CLAIM  THAT  THE  MODELS  HAVE 
BEEN  IMPROVED,  AND  IF  SO,  WHY? 

Answer:  First,  scientists  have  recognized  for  many  decades  that  sulfate 
aerosols  have  an  effect  on  the  radiation  balance  and  that  they  would  tend  to 
exert  a  cooling  influence  on  the  climate;  in  a  conceptual  sense,  this  is  not  a 
"new  theory."  Because  quantitative  estimates  were  not  available  in  1990, 
however,  the  BPCC  Assessment  merely  mentioned  the  importance  of  aerosol 
effects  without  including  them  quantitatively.  What  has  improved  over  the 
past  few  years  is  the  ability  to  make  quantitative  estimates  of  the  effects  of 
aerosols  to  influence  the  climate  on  a  global  scale,  at  least  in  clear  sky 
regions.  This  has  been  made  possible  as  a  result  of  the  reconstruction  of  a 
history  of  sulfur  dioxide  emissions  globally,  the  compilation  of  sulfate 
aerosols  concentrations  from  around  the  world,  the  development  of  global 
chemistry  models,  and  the  development  of  realistic  relationships  of  aerosol 
concentrations  to  the  optical  properties  of  the  atmosphere.  Thus,  in  the  sense 
of  being  able  to  make  convincing  quantitative  estimates,  this  is  a  well- 
established  effect  that  is  now  being  considered  along  with  the  effects  of  the 
greenhouse  gases  that  have  been  included  in  the  past. 

Second,  as  indicated  in  answer  to  question  8(c)  above,  quite  a  number  of 
simulations  have  been  done  and  show  consistent  results.  However,  even  if 
only  one  simulation  existed  that  provided  significantly  improved  estimates  of 
an  important  aspect  of  the  problem,  its  findings  would  receive  significant 
recognition,  causing  other  efforts  to  be  undertaken  to  confirm  or  modify  the 
results.  Certainly,  the  IPCC  will  rely  on  the  most  credible  simulations  as 
they  are  carried  out,  while  also  assessing  the  capabilities  of  the  models  and 
assumptions,  and  identifying  areas  where  further  efforts  are  needed. 

Third,  as  indicated  in  answer  to  question  8(d),  through  the  combined  use  of 
global  and  calibrated  models,  a  widening  set  of  assumptions  has  been 
considered  in  the  simulations. 

Fourth,  the  IPCC  notes  that  including  aerosol  forcing  in  the  specification  of 
the  forcings  improves  the  agreement  between  the  model  simulations  of 
climate  change  over  the  past  100  years  and  the  observed  evolution  of  the 
climate;  the  improvement  of  the  models  themselves  is  a  separate  issue. 

In  light  of  these  clarifications,  we  believe  that  the  IPCC  was  correct  to 
conclude  that  there  is  an  improved  understanding  of  the  factors  affecting 
climate,  and  that  including  both  greenhouse  gases  and  aerosols  in 


644 


18 
simulations  leads  to  more  accurate  estimates  of  past  and  future  climate 
change.  However,  we,  along  with  the  IPCC,  agree  that  further  research  is 
needed  to  reduce  remaining  uncertainties  regarding  aerosol  effects  and  to 
include  aerosols  other  than  sulfates.  A  report  on  this  subject  is  due  to  be 
released  in  the  near  fiiture  by  the  National  Research  Council,  and  the 
Administration  will  carefully  consider  its  recommendations. 

F.IS  THE  DETAILED  MODELING  INFORMATION  READILY  AVAILABLE  TO  THE  U.S., 
AND  IF  NOT,  PLEASE  EXPLAIN  WHY  AND  HOW  AND  WHEN  YOU  WILL  OBTAIN  IT. 

Answer:  In  the  scientific  arena,  the  general  practice  internationally  is  to 
exchange  data  and  information,  which  helps  encourage  the  participation  of 
all  nations  in  supporting  the  research  enterprise.  However,  the  procedures 
and  schedules  for  such  exchanges  are  generally  within  the  purview  of  the 
originating  nation.  In  the  case  of  the  IPCC  Assessment,  all  of  the  papers, 
analyses,  and  reports  on  which  the  IPCC  has  relied  to  make  its  findings  are 
available  to  all  governments  (including  the  U.S.).  Because  the  IPCC  relies 
on  publicly  available  and  peer-reviewed  reports,  these  source  documents  are 
also  available  to  any  one  who  requests  them.  We  know  of  no  case  where 
there  has  been  any  denial  of  access  to  these  documents.  Especially  in  that 
many  U.S.  scientists  participated  in  the  IPCC  process,  including  this 
modeling  work  (see  answers  to  Q8c.),  modeling  information,  particularly 
from  model  simulations  in  the  U.S.,  is  also  generally  available  to  scientific 
investigators  within  and  outside  the  U.S. 

One  specific  question  about  data  availability  arose  at  your  November  16, 
1995  hearing  on  climate  change.  The  question  had  to  do  with  the  availability 
of  the  very  detailed  output  of  model  simulations  rather  than  the  material 
normally  provided  through  the  publication  process  and  needed  by  the  EPCC 
for  its  consideration  for  its  assessments.  This  issue  raises  a  number  of 
considerations.  For  example,  as  in  other  fields  of  science  and  the 
humanities,  the  detailed  model  results  are,  in  some  sense,  intellectual 
property  that  the  scientists  have  developed  and  that  they  will  be  exploring 
and  explaining  as  part  of  future  analyses  and  papers;  as  such,  even  though 
the  results  have  been  publicly  fiinded,  there  is  normally  a  reasonable  period 
(up  to  a  year  or  two)  allowed  for  them  to  have  exclusive  access  in  order  to 
reward  their  very  dedicated  efforts  to  develop  the  data,  to  allow  thorough 
analysis  of  the  results,  and  to  gain  recognition  for  the  sponsoring 
organization.  In  the  case  of  the  sulfate  aerosol  simulations  referred  to  in  the 
hearing,  the  data  from  U.S. -sponsored  simulations  has  generally  been 
widely  available  (and  in  the  specific  matter  raised  at  your  hearing,  could 
have  been  used  to  show  that  polar  amplification  of  greenhouse-gas-induced 
warming  is  diminished  when  aerosols  are  included). 
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Detailed  results  from  simulations  in  other  countries  have  generally  been 
made  available  to  U.S.  scientists  who  are  bona  fide  collaborators  in  the 
research  efforts,  with  the  provision  that  the  information  remains  the 
intellectual  property  of  the  originating  group.  Indeed,  this  has  been  the  case 
for  the  data  from  the  Hadley  Center  simulation  (for  which  the  UK 
Government  paid  for  the  research),  which  was  the  specific  issue  at  question 
in  the  November  16  hearing.  Subsequent  to  publication  of  their  article  in 
August  (and  to  the  May  1995  review  request  mentioned  in  your  hearing), 
qualified  U.S.  investigators  have  had  access  to  the  model  data. 

G.I  UNDERSTAND  THAT  OTHER  IMPORTANT  FACTORS  (NATURAL  OR 
ANTHROPOGENIC)  COULD  HAVE  ALSO  BEEN  ADJUSTED  IN  EXISTING  CLIMATE 
MODELS  TO  PRODUCE  AGREEMENT  BETWEEN  HISTORICALLY  OBSERVED  AND 
MODELED  TEMPERATURES.  GIVEN  THE  EXISTENCE  OF  OTHER  FACTORS  THAT 
COULD  HAVE  PRODUCED  THE  SAME  NET  EFFECT  AS  SULFATE  AEROSOLS,  IS  IT  FAIR 
AND  PROPER  TO  CONCLUDE  THAT  THE  SULFATE  AEROSOL  RESULTS  ONLY 
DEMONSTRATE  THAT  CLIMATE  MODELS  STILL  CONTAIN  SIGNIFICANT  FLAWS,  AND 
IF  NOT,  WHY  NOT? 

Answer;  First,  it  is  essential  to  understand  that  the  inclusion  of  sulfate 
aerosols  in  the  calculations  is  not  an  "adjustment"  and  that  the  models  are 
not  tuned  by  the  inclusion  of  sulfates.  The  climate  models  are  based  to  the 
greatest  extent  feasible  on  underlying  natural  laws  involving  the  physics  and 
chemistry  of  the  Earth  system.  Including  a  recognized,  and  now 
quantifiable,  effect  in  ttie  models  (namely,  that  of  sulfate  aerosols)  is  an 
essential  and  not  an  arbitrary  step.  The  representation  of  sulfate-aerosol, 
clear-sky  effects  is  based  on  the  best  estimates  of  emissions,  chemical 
conversion  and  removal  rates,  dynamic  and  radiative  effects,  and  so  forth, 
and  not  on  any  arbitrary  tuning  or  adjustment.   Because  of  limited 
understanding  of  cloudy-sky  aerosol  effects,  they  have  not  yet  been 
accounted  for  in  the  IPCC  assessment  (except  at  the  global-mean  level).  We 
believe  it  is  preferable  to  wait  until  effects  can  be  reasonably  represented 
rather  than  relying  on  tuning  or  adjustments. 

It  is  indeed  true  that  there  are  a  number  of  other  effects  that  are  not  yet 
included  or  fully  included  in  the  global  climate  model  simulations;  these 
include  both  natural  (e.g.,  solar  variability,  volcanic  eruptions)  and 
anthropogenic  (e.g.,  changes  in  stratospheric  and  tropospheric  ozone 
concentrations,  soot-aerosol  concentrations,  the  cloudy-sky  effects  of  sulfate 
aerosols).  However,  with  the  exception  of  the  cloudy-sky  effects  of  sulfate 
aerosols  (which  likely  mainly  change  the  magnitude  but  not  the  pattern  of 
the  sulfate  aerosol  effect),  it  is  not  true  that  these  effects  would  have  created 
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the  types  of  temporal  and  spatial  changes  in  the  results  that  led  to  the 
improved  agreement  of  model  results  for  the  past  100  years  with 
observations  (in  particular,  none  of  these  other  factors  create  a  negative 
warming  influence  over  the  past  several  decades  that  occurs  primarily  in  the 
Northern  Hemisphere  lower  troposphere). 

As  indicated  in  answers  above,  neither  the  scientific  community  nor  the 
IPCC  is  making  the  claim  that  climate  models  are  now  accurate  or  perfect, 
only  that  the  process  of  improving  models  (by  improving  their 
representation  of  specific  processes)  and  of  improving  model  ability  to 
represent  various  situations  (better  defining  the  radiative  forcing,  in  this  case 
by  sulfate  aerosols)  has  occurred.  The  IPCC  only  provides  indications  of 
what  the  models  are  and  are  not  yet  capable  of  simulating;  judgment  of  the 
significance  of  these  findings  depends  very  much  on  the  particular  intended 
application  of  the  model  results  (e.g.,  that  greenhouse  gases  will  warm  the 
planet  by  up  to  a  few  degrees  the  next  century  is  a  considerably  more 
resilient  fmding  than  that  the  precipitation  in  the  Great  Lakes  region  might 
increase  in  winter  and  diminish  in  the  summer).  Those  receiving  the 
information  from  the  IPCC  must  therefore  exercise  judgment  on  the 
significance  of  what  is  known  and  the  remaining  uncertainties.  The  IPCC 
Assessment  does  provide  guidance  in  this  regard. 

9.1  UNDERSTAND  THAT,  ACCORDING  TO  THE  WORKING  GROUP  I  SCIENTISTS,  "FLUX 
ADJUSTMENTS"  ARE  USED  TO  COMPENSATE  FOR  INADEQUACIES  IN  THE 
REPRESENTATION  OF  PHYSICAL  PROCESSES  IN  A  MODEL  AND  SHOULD  BE 
CONSIDERED  "ENGINEERING  SOLUTIONS"  RATHER  THAN  "SCIENTIFIC  SOLUTIONS". 
In  EFFECT,  FLUX  ADJUSTMENTS  ARE  JUSTIFIED  "ONLY  WHEN  THE  CORRECTIONS 
ARE  RELATIVELY  SMALL" ,  BUT  THEY  ALSO  SAY  THAT  IN  MANY  CLIMATE  MODELS 
THESE  ADJUSTMENTS  ARE  "COMPARATIVELY  LARGE". 

A.  Are  my  UNDERSTANDINGS  ACCURATE? 

Answer:  Simulation  of  the  Earth  system  is  one  of  the  most  complex  of  all 
scientific  undertakings,  both  because  of  the  complexity  of  the  system  and 
because  of  limitations  in  the  observations  available  for  verifying  and 
improving  models  of  the  Earth  system.  Climate  models  must  include 
representations  of  many  processes  involving  and  coupling  the  atmosphere, 
the  oceans,  the  land  and  its  vegetation,  and  the  snow  and  ice.  Because  of 
the  many  processes  and  the  evolving  scientific  understanding,  the  model 
development  process  is  evolutionary  and  reliance  has  been  placed  on 
multiple  approaches  by  different  groups  in  order  to  help  increase  the 
likelihood  that  progress  is  made  and  that  problems  and  difficulties  are 
caught. 
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One  of  a  number  of  model  shortcomings  has  been  that  when  the  atmospheric 
component  of  a  climate  model  is  coupled  to  the  oceanic  component,  the 
resulting  coupled  climate  model  does  not  always  produce  results  that  are 
fully  congruent  to  the  observational  record.  The  extent  and  causes  of  these 
shortcomings  generally  differ  among  the  various  models,  depending 
variously,  for  example,  on  representation  of  clouds,  ocean  currents  and 
mixing,  resolution,  and  other  factors.  Efforts  are  underway  to  try  to  fiirther 
improve  the  model  representations  of  processes  as  a  means  to  improve  the 
simulated  climate,  but  doing  this  often  requires  data  from  new  and  extensive 
field  observation  programs  and  increased  computational  resources.  As  an 
interim  step,  some,  but  not  all,  groups  have  chosen  to  incorporate  "flux 
corrections"  into  their  models  to  calibrate  their  baseline  climates  toward  the 
observed  climate. 

In  the  models  in  which  flux  corrections  are  included,  they  are  made  to  the 
base  case  (present  climate)  of  the  model  and  then  are  kept  constant  when  a 
perturbation  such  as  greenhouse  warming  is  investigated.  This  is  done  with 
the  expectation  that  there  will  be  significant  cancellation  of  any  shortcoming 
introduced  by  the  flux  correction  and  is  consistent  with  calibration  practices 
done  in  other  classes  of  models  to  better  represent  initial  conditions  of  a 
simulation.   In  particular,  the  flux  corrections  are  done  in  a  way  that  seems 
unlikely  to  have  a  major  effect  on  the  global  response  characteristics  of  the 
model  (in  making  these  corrections,  the  global  average  value  of  the 
adjustment  is  near  zero).  However,  the  corrections  may  well  affect  regional 
response  characteristics  and  the  interannual  variability  of  the  model 
simulations,  especially  in  regions  where  the  corrections  are  large.  We  note 
that  more  recent  model  simulations  have  been  able  to  reduce  the  magnitude 
of  the  base  cost  flux  corrections  substantially. 

B.DOES  THIS  THEN  IMPLY  THAT  CLIMATE  MODELS  ARE  USING  "CORRECTIVE 
FACTORS"  WHICH  CAN  POTENTIALLY  INVALIDATE  THE  RESULTS,  AND  IF  NOT, 
WHY  NOT? 

Answer:  A  number  of  analyses  suggest  that  the  use  of  flux  corrections  does 
not  invalidate  the  results.  The  IPCC  assessments  examine  the  question  of 
whether  the  flux  corrections  invalidate  the  conclusions  from  these  models. 
The  IPCC  1992  report  considered  this  extensively  when  the  first  results  of 
coupled  ocean-atmosphere  models  became  available.  For  example,  in  Figure 
B4  on  page  106  of  that  report  (attached),  the  change  in  surface  air 
temperature  is  shown  for  a  similar  simulation  by  four  different  groups.  In 
this  case,  three  of  the  groups  included  corrections  done  in  two  different 
ways  and  one  group  included  no  flux  corrections.  In  their  global  results,  all 
four  models  gave  similar  estimates  of  the  global  climate  sensitivity  and  the 
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inclusion  of  flux  corrections  apparently  had  no  effect.  Regional  results  from 
the  models,  in  part  probably  due  to  the  flux  corrections,  were  more  varied, 
and  as  a  result,  IPCC  drew  relatively  limited  conclusions  about  the  regional 
character  of  the  projected  changes.  This  is  also  the  situation  posted  in  the 
1995  IPCC  assessment. 

c.  Are  your  experts  satisfied  that  the  IPCC  has  thoroughly  evaluated 

THE  impact  of  THE  FLUX  ADJUSTMENTS  ON  CLIMATE  MODELS,  AND  IF  NOT,  WHY 
NOT? 

Answer:  A  major  review  of  flux  adjustments/corrections  has  recently  been 
conducted  and  published  (Meehl,  G.  A.,  1995,  Global  coupled  general 
circulation  models.  Bulletin  of  the  American  Meteorological  Society,  Vol. 
76,  pages  951-957).  We  are  satisfied  that  the  IPCC  has  examined  all  of  the 
relevant  and  available  evidence  on  this  question,  and,  as  indicated  in  answer 
to  question  9(b)  above,  we  accept  their  finding  that  flux  adjustments  have 
little  effect  on  global  results  of  the  models.  We  are,  however,  not  satisfied 
by  the  level  of  modeling  effort  in  the  US  to  try  to  improve  models  so  that 
flux  corrections  (and  other  shortcomings)  in  the  models  can  be  reduced.  One 
effort  that  is  being  started  is  a  relatively  detailed  intercomparison  of  coupled 
climate  models,  and  one  aspect  that  they  will  focus  on  is  the  issue  of  flux 
corrections.   Better  and  more  regionally  resolved  estimates  fi-om  models  are 
needed  in  order  to  improve  the  resolution  and  character  of  estimates  of 
vulnerabilities  and  climate  impacts.  We,  therefore,  believe  it  is  important  to 
accelerate  the  effort  to  improve  coupled  models,  including  being  able  to 
remove  or  further  reduce  the  need  for  flux  corrections  in  all  of  the  models 
that  one  considered  in  IPCC  assessments. 

lO.I  UNDERSTAND  THAT  THE  IPCC  WORKING  GROUP  11  SAR  DOCUMENTS  CONTAIN 
EXTENSIVE  INFORMATION  REGARDING  VARIOUS  REGIONAL  IMPACTS  OF  FUTURE 
CHANGES  THAT  APPEAR  TO  BE  BASED  ON  PROJECTIONS  OF  REGIONAL  CLIMATE 
CHANGE  FROM  WORKING  GROUP  I  CLIMATE  MODELS.    I  FURTHER  UNDERSTAND 

THAT  IPCC  Working  Group  I  has  clearly  stated  that  its  confidence  in 

REGIONAL  CLIMATE  FORECASTS  STILL  REMAINS  LOW. 

A.  Are  my  UNDERSTANDINGS  CORRECT,  AND  IF  SO,  DON'T  THEY  IMPLY  THAT  ONE 
SHOULD  ALSO  HAVE  LOW  CONFIDENCE  IN  REGIONAL  IMPACT  PROJECTIONS  BASED 
ON  CLIMATE  MODELS,  AND  IF  NOT,  WHY  NOT? 

Answer;    A  shortcoming  of  GCMs  is  in  projecting  the  regional  departures 
from  the  projected  continental  scale  changes.   Thus  models  provide  a  broad- 
scale,  but  not  regionally  specific,  projection  of  climatic  changes.   The  low 
confidence  in  the  projection  of  the  regional  details  of  climate  changes  is 
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clearly  noted  iii  the  SPMs  of  both  WG  I  and  WG  n  and  the  underlying 
assessment  reports.   That  is  why  the  majority  of  the  information  contained 
in  IPCC  WG  n  is  a  sensitivity  study;  i.e.,  the  sensitivity  of  human  health, 
ecological  systems  and  socio-economic  sectors  to  changes  in  climate 
variables  that  are  generally  plausible  projections  for  continental  scale 
domains.   Because  models  do  suggest  regional  patterns  of  change-even 
though  with  low  confidence-exploratory  regional  analyses  can  be  conducted. 
For  example,  projected  impacts  at  the  regional  level  have  been  calculated 
based  on  the  output  of  a  number  of  GCMs  using  EPCC  scenario  IS92a. 
IPCC  WG  n  was  quite  explicit  about  the  low  confidence  in  regional  impact 
assessments  based  on  these  simulations.   On  SPM-3  it  states:    "Impacts  are 
difficult  to  quantify,  and  existing  studies  are  limited  in  scope.   Although  our 
knowledge  has  increased  significantly  during  the  last  decade,  and  qualitative 
estimates  can  be  developed,  quantitative  projections  of  the  impacts  of 
climate  change  on  any  particular  system  at  any  particular  location  are 
difficult  because  regional-scale  climate  change  predictions  are  uncertain:  our 
current  understanding  of  many  critical  processes  is  limited;  and  systems  are 
subject  to  multiple  climatic  and  non-climatic  stresses,  the  interactions  of 
which  are  not  always  linear  or  additive,  (emphasis  added). 

B.DO  YOU  BELIEVE  THAT  CLIMATE  MODELS  PROJECTIONS  ARE  SUFFICIENTLY 
ACCURATE  FOR  POLICY  PURPOSES,  PARTICULARLY  THOSE  THAT  EXTEND  BEYOND 
ONE  OR  TWO  DECADES,  AND  IF  SO,  WHAT  IS  THE  BASIS  FOR  YOUR  BELIEF? 

Answer;  The  answer  to  this  question  depends  very  much  on  the  policy 
decision  being  made  (the  results  being  much  more  sufficient  for  broad  policy 
issues  than  for  some  kinds  of  specific  local  actions).   It  is  also  important  to 
recognize  that  most  policy  decisions  made  by  governments  and  the  private 
sector  are  made  using  information  that  still  contains  uncertainties.   This  is 
the  case  in  making  foreign  policy  decisions,  economic  decisions  (e.g., 
balancing  the  budget),  and  investment/insurance  decisions.   Current  climate 
model  results  are  most  useful  for  formulating  initial  national  and 
international  strategies  to  deal  with  human- induced  climate  change.   There  is 
an  extensive  discussion  on  the  reliability  and  utility  of  climate  models  in  the 
technical  summary  of  WG  I. 

The  following  text  from  IPCC  WG  n  provides  further  insight  into  this 
challenging  question: 

"Policymakers  are  faced  with  responding  to  the  risks  posed  by 
anthropogenic  emissions  of  greenhouse  gases  in  the  face  of 
significant  scientific  uncertainties.  It  is  appropriate  to  consider 
these  uncertainties  in  the  context  of  information  indicating  that 
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climate-induced  environmental  changes  cannot  be  reversed 
quickly,  if  at  all,  due  to  the  long  time  scales  (decades  to 
millennia)  associated  with  the  climate  system.  Decisions  taken 
during  the  next  few  years  may  limit  the  range  of  possible  policy 
options  in  the  future  because  high  near-term  emissions  would 
require  deeper  reductions  in  the  future  to  meet  any  given  target 
concentration.  Delaying  action  might  reduce  the  overall  costs  of 
mitigation  because  of  potential  technological  advances  but  could 
increase  both  the  rate  and  the  eventual  magnitude  of  climate 
change,  and  hence  the  adaptation  and  damage  costs." 

"Policymakers  will  have  to  decide  to  what  degree  they  want  to 
take  precautionary  measures  by  mitigating  greenhouse  gas 
emissions  and  enhancing  the  resilience  of  vulnerable  systems  by 
means  of  adaptation.  Uncertainty  does  not  mean  that  a  nation  or 
the  world  community  cannot  position  itself  better  to  cope  with 
the  broad  range  of  possible  climate  changes  or  protect  against 
potentially  costly  future  outcomes.  Delaying  such  measures 
may  leave  a  nation  or  the  world  poorly  prepared  to  deal  with 
adverse  changes  and  may  increase  the  possibility  of  irreversible 
or  very  costly  consequences.  Options  for  adapting  to  change  or 
mitigating  change  that  can  be  justified  for  other  reasons  today 
(e.g.,  abatement  of  air  and  water  pollution)  and  make  society 
more  flexible  or  resilient  to  anticipated  adverse  effects  of 
climate  change  appear  particularly  desirable." 

c.Which  of  the  many  models  available  are  most  suited  and  reliable  for 

USE  IN  international  POLICY  DEVELOPMENT,  AND  WHAT  IS  THE  EXTENT  OF 
THEIR  RELIABILITY? 

Answer:  Policy  decisions  should  not  be  based  on  any  single  model  but  on 
the  ensemble  output  of  a  large  number  of  models.   The  strength  of  the  IPCC 
is  that  it  does  not  use  the  results  from  just  one  model,  but  assesses  the 
strengths  and  weaknesses  of  a  large  number  of  models;  riot  just  climate 
models  but  ecosystem  models,  ice  models,  agricultural  models,  etc. 

1 1  .The  Working  Group  n  Summary  for  Policymakers,  at  page  SPM-9, 

REFERS  TO  STUDIES  REGARDING  ESTIMATED  LAND  LOSSES  AND  PEOPLE  AFFECTED 
BY  A  PROJECTED  1  METER  RISE  IN  SEA  LEVEL  BY  THE  YEAR  2100.    HOWEVER,  THE 
NEW  SCIENCE  REPORTS  INDICATE  THAT  A  1  METER  RISE  IS  AT  THE  HIGH  END  OF  A 
RANGE  BETWEEN  15  TO  110  CENTIMETERS  (CM),  WITH  THE  BEST  ESTIMATE 
VALUES  BETWEEN  38  TO  66  CM,  DEPENDING  ON  AEROSOL  CONCENTRATION 
ASSUMPTIONS. 
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Comment  /  Correction;  First,  IPCC  WG  I  projects  the  plausible  range  of 
sea  level  rise  due  to  climate  change  (excluding  land  subsidence)  between 
now  and  2100  to  be  15-95  cm,  with  a  best  estimate  of  50  cm  (these 
projections  are  based  on  models  that  take  into  account  projected  increases  in 
greenhouse  gas  and  aerosol  concentrations).   The  SPM  of  IPCC  WG  I  only 
quantifies  temperature  and  sea  level  changes  when  the  climate  models 
explicitly  take  into  account  changes  in  both  greenhouse  gas  and  aerosol 
concentrations.   The  US  government  persuaded  the  WG  I  Plenary  in  Madrid 
in  November  1995  that  models  that  do  not  take  into  account  changes  in 
aerosol  concentrations  are  not  a  plausible  representation  of  the  fiiture. 

A. Is  IT  NOT  TRUE  THAT  THE  PROJECTED  IMPACTS  ARE  DRIVEN  BY  PROJECTIONS  OF 
THE  CLIMATE  MODELS? 

Answer;  The  timing  and  magnitude  of  the  projected  sea  level  rise  and 
temperature  changes  are  driven  by  projections  of  climate  change  generated 
by  models  and  evaluated  in  the  context  of  the  observed  climatic  history. 

B.WHY,  in  evaluating  AND  REPORTING  IMPACTS  WOULD  GOVERNMENTS, 
INCLUDING  THE  US,  APPEAR  TO  SELECT  THE  EXTREME  END  OF  THE  RANGE 
RATHER  THAN  THE  MOST  PROBABLE? 

Answer;  The  SPM  of  IPCC  WG  11  reported  the  number  of  people 
vulnerable  to  flooding  due  to  storm  surges  for  both  a  50  cm  sea  level  rise 
(the  central  estimate  of  the  projected  sea  level  rise)  as  well  as  a  one-meter 
rise.   In  addition,  the  impact  of  a  one-meter  sea  level  rise  on  land  loss  was 
assessed.   The  SPM  correctly  noted,  that  while  a  one-meter  increase  is  at  the 
top  of  the  range  of  IPCC  Working  Group  I  estimates  for  2100,  it  should  be 
noted  that  sea  level  is  actually  projected  to  continue  to  rise  at  roughly  the 
same  rate  in  future  centuries  beyond  2100  even  if  the  atmospheric 
concentrations  of  greenhouse  gases  are  stabilized  by  the  year  2100.   This  is 
because  of  the  long  time  lags  (many  centuries)  between  stabilization  of 
greenhouse  gas  concentrations  and  sea  level.   Therefore,  assessing  the 
impact  of  a  one-meter  sea  level  rise  is  quite  appropriate  and  should  not  be 
viewed  as  selecting  the  extreme  end  of  the  range,  particularly  when  the  total 
potentially  realizable  effects  of  pre-2100  emissions  are  considered.   In 
addition,  it  should  be  noted  that  these  estimates  of  sea  level  rise  do  not  take 
into  account  that  sea  level  is  rising  at  differing  rates  in  many  parts  of  the 
world  because  of  tectonic  motions  and/or  because  of  land  subsidence. 
Hence,  for  some  countries  and  regions  (e.g.,  the  Gulf  coast),  the  IPCC 
estimates  compared  to  the  total  sea  level  rise  that  may  occur  due  to  all 
factors  may  be  unduly  conservative. 
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C.DOES  THAT  SELECTION  TEND  TO  SHOW  A  BIAS  TOWARDS  TRYING  TO  DRAMATIZE 
THE  EXTREME  AND  ALARM  THE  PARTIES  AND  THE  PUBLIC,  AND  IF  NOT,  WHY  NOT? 

Answer;  Given  that  sea  level  rise  could  be  well  in  excess  of  1  meter  after 
2100  as  a  result  of  emissions  from  well  before  2100,  governments  did  not 
believe  the  choice  showed  a  bias.  See  the  answer  to  question  lib. 

12. In  Chapter  7  of  the  EPA  report  entitled  "The  Probability  of  Sea 
Level  Rise.  "  the  EPA  provides  new  sea  level  estimates  as  follows: 

"If  the  experts  on  whom  we  relied  fairly  represent  the 
breadth  of  scientific  option,  the  odds  are  fifty-fifty  that 

greenhouse  gases  will  raise  sea  levels  at  least  15  CM  BY  THE 

YEAR  2050,  35  CM  BY  2100,  AND  80  CM  BY  2200.  Moreover, 
there  is  a  one-in-forty  chance  that  changing  climate  will 
raise  sea  level  35  cm  by  2050,  80  cm  by  2100  and  300  cm  by 
2200." 

However,  in  Chapter  8,  EPA  states  that  long-range  projections  of 

PHYSICAL,  economic  AND  ECOLOGICAL  SYSTEMS  "OFTEN  PROVE  TO  BE  WRONG, 
because  they  INVOLVE  COMBINATIONS  OF  ASSUMPTIONS  WITH  VARYING 

degrees  of  certainty. "  epa  then  adds: 

"Moreover,  with  a  highly  visible  public  policy  issue  such  as 
climate  change,  the  projections  themselves   can  motivate 

people  to  take  ACTIONS  THAT  RENDER  EARLY  PROJECTIONS 
OBSOLETE  (E.G.,  PROJECTIONS  OF  A  4°  C  GLOBAL  WARMING  COULD 
LEAD  PEOPLE  TO  REDUCE  EMISSIONS  SO  THAT  THE  WARMING  IS  ONLY 
2°C). 

"This  report  and  other  recent  analyses  suggest  that  sea 

LEVEL  IS  likely  TO  RISE  LESS  THAN  ESTIMATED  BY  EARLY  REPORTS 
■  ON  THE  SUBJECT  (SEE  TABLE  8-1).  THE  LOWER  ESTIMATES  HAVE 
RESULTED  FROM  BOTH  A  DOWNWARD  REVISION  OF  FUTURE 
TEMPERATURES  AND  AN  EMERGING  CONSENSUS  THAT  ANTARCTICA 
WILL  PROBABLY  NOT  CONTRIBUTE  TO  SEA  LEVEL  RISE  IN  THE  NEXT 
ONE  HUNDRED  YEARS." 

A. Does  the  discussion  in  Chapters  7,  8  and  9  of  the  EPA  report  of  the 

VALIDITY  AND  UNCERTAINTIES  OF  VARIOUS  PROJECTIONS  OF  SEA  LEVEL  AND 
TEMPERATURES  BY  THE  IPCC  AND  THE  EPA  GIVE  THE  U.S.  CONCERN  THAT 
DECISION  MAKING  MAY  BE  DRIVEN  BY  PROJECTIONS  THAT  APPEAR  TO  BE 
ERRONEOUS  OR  AT  LEAST  QUESTIONABLE,  AND  IF  NOT,  WHY  NOT? 
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Answer:  No,  the  new  EPA  report  has  not  increased  our  concern  that  our 
policies  might  be  based  on  erroneous  assumptions.   Of  course,  we  are  aware 
that  there  are  many  uncertainties;  but  we  knew  that  before  the  release  of  the 
new  EPA  report.  The  Probability  of  Sea  Level  Rise.   The  United  States 
government  has  historically  had  to  make  decisions  in  the  face  of  uncertainty 
as  to  the  ultimate  result  of  our  actions.   Decisions  must  be  made  based  on 
the  best  available  information  at  the  time  the  decision  is  made;  yet  at  the 
same  time,  efforts  to  improve  the  information  must  also  continue.  As 
Chapters  7  and  8  of  the  EPA  report  point  out,  these  efforts  have  continued. 
While  we  can  not  precisely  project  future  sea  level  rise,  we  do  know  that  the 
general  direction  is  an  upward  trend.   The  only  novel  aspects  of  Chapters  7 
and  8  are  the  rigor  with  which  the  probability  distribution  presents  our 
uncertainty,  and  the  candor  with  which  Chapter  8  presents  the  historic 
revisions.   This  is  in  marked  contrast  with  projections  in  which  one 
performs  an  analysis  or  makes  a  decision  based  on  a  single  scenario,  as  if 
we  could  be  certain  that  the  projection  would  unfold  precisely  as  projected. 
Assuming  away  the  uncertainty,  however,  does  not  make  a  forecast  more 
accurate;  hence  a  rational  person  should  have  increased,  rather  than 
decreased  confidence  in  EPA's  projections  now  that  the  uncertainty  has  been 
quantified. 

B. Should  the  U.S.  apply  the  precautionary  principle  on  those  who  want 

TO  RUSH  TO  ACT  THROUGH  ADOPTION  OF  A  PROTOCOL  OR  OTHER  LEGAL 
instrument  WHEN  THERE  MAY  BE  LARGE  GAINS  FROM  NOT  ACTING  IN  A  HURRY 
WHILE  THESE  UNCERTAINTIES  ARE  SORTED  OUT,  AND  IF  NOT,  WHY  NOT? 

Answer:  Emissions  policies  currently  under  consideration  are  not  projected 
to  pose  extreme  risks  to  the  U.S.  economy.   In  contrast,  if  the  climate 
changes  more  than  expected,  we  will  not  have  the  option  of  easily  returning 
to  the  climate  of  today  because  the  C02  will  stay  in  the  atmosphere  for 
more  than  a  century.   There  is  an  asymmetry  between  actions  to  reduce 
emissions  and  effects  of  a  climate  change.   Unlike  climate  change  itself, 
changing  emission  paths  are  reversible  in  the  light  of  new  information. 
Given  the  practically  irreversible  nature  of  climate  change,  it  may  be 
reasonable  to  adopt  a  precautionary  approach  to  decisions  that  would  change 
the  atmosphere. 

13. THE  WORKING  Group  n  Summary  for  Policymakers  notes  that 

POLICYMAKERS  "ARE  FACED  WITH  RESPONDING  TO  RISKS  ...  IN  FACE  OF 
SIGNIFICANT  SCIENTIFIC  UNCERTAINTIES.  "    THE  SUMMARY  THEN  CONTENDS  THAT 
"DELAYING"  ACTION  "MIGHT"  REDUCE  THE  OVERALL  COST  OF  MITIGATION 
BECAUSE  OF  "POTENTIAL"  TECHNOLOGICAL  ADVANCES  BUT  "COULD"  INCREASE 
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BOTH  THE  RATE  AND  THE  "EVENTUAL"  MAGNITUDE  OF  CLIMATE  CHANGE,  AND 
HENCE  THE  COSTS.    USE  OF  WORDS  LIKE  "MAY" ,  "COULD" ,  "POTENTIAL"  HERE 
AND  THROUGHOUT  THE  SUMMARY  SUGGEST  A  LACK  OF  CONFIDENCE  OR 
SIGNIFICANT  HEDGING  BY  THE  AUTHORS  OF  THE  SUMMARY.    DOES  THE  REPORT 
MERELY  COMPOUND  UNCERTAINTIES  WITH  THE  USE  OF  SUCH  INCONCLUSIVE 
WORDS,  AND  IF  NOT,  WHY  NOT? 

An.swer:  No.  While  some  delegations  to  the  meeting  in  Montreal,  and  some 
lead  authors,  believe  much  stronger  statements  can  be  made,  the  consensus 
among  delegations  was  that  the  text  as  written  is  appropriately  worded.   The 
SPM  of  IPCC  WG  n  is  a  carefully  worded  report  that  is  balanced  and 
recognizes  that  uncertainties  exist  in:  (i)  quantifying  the  magnitude,  rate 
and  regional  patterns  of  human-induced  climate  change;  (ii)  quantifying  the 
impact  of  climate  change  on  human  health,  ecological  systems,  and  socio- 
economic sectors;  and  (iii)  projecting  advances  in  technology  and  the  rate  of 
dissemination  of  these  technologies  into  the  marketplace.  Additional 
information  on  this  issue  may  also  be  found  in  the  response  to  question 
10(b)  that  deals  with  policy  formulation  in  the  face  of  significant 
uncertainties. 

14.THE  Working  Group  n  Summary  for  Policymakers,  at  page  SPM- 12, 

STATES  that  NUMEROUS  STUDIES  SHOW  10-30%  ENERGY  EFFICIENCY  GAINS 
ABOVE  CURRENT  LEVELS  ARE  FEASIBLE  AT  LITTLE  OR  NO  COSTS  "IN  MANY  PARTS 
OF  THE  WORLD"  THROUGH  "TECHNICAL  CONSERVATION  MEASURES  AND 
IMPROVED  MANAGEMENT  PRACTICES  OVER  THE  NEXT  2  OR  3  DECADES." 

A. The  REFERENCE  TO  "MANY  PARTS  OF  THE  WORLD"  IS  VAGUE.  WHAT  PARTS  OF 
THE  WORLD  DO  THE  AUTHORS  HAVE  IN  MIND?  PLEASE  IDENTIFY  SOME  SPECIFIC 
COUNTRIES. 

An.swer:  The  authors  believe  that  many  if  not  most  parts  of  the  world  could 
easily  achieve  10-30%  energy  efficiency  gains  above  current  levels  at  little 
or  no  cost  over  the  next  2  or  3  decades.   These  areas  include: 

~    Europe  and  North  America  (e.g. ,  see  Policy  Implications  of  the 
Greenhouse  Effect,  National  Academy  of  Sciences,  1992). 

~    Other  parts  of  the  developing  world,  (e.g.,  China,  and  countries  with 
economies  in  transition,  such  as  Russia)  which  have  even  greater 
potential  for  energy  efficiency  gains,  because  they  are  starting  with  a 
less  efficient  energy  system. 
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~    This  rate  of  increase  is  less  than  12  improvement  per  year,  a  rate  we 
have  seen  for  the  last  several  decades. 
B.  What  is  the  realistic  likelihood  of  such  gains  in  those  parts  of  the 

WORLD? 

Answer:  As  mentioned  in  the  SPM  and  discussed  more  completely  in 
several  of  the  underlying  chapters,  the  degree  to  which  technical  potential 
and  cost-effectiveness  are  realized  is  dependent  on  initiatives  to  counter  lack 
of  information  and  overcome  cultural,  institutional,  legal,  financial  and 
economic  barriers  which  can  hinder  diffusion  of  technology  or  behavioral 
changes.  Countries  that  recognize  the  importance  of  limiting  greenhouse  gas 
emissions,  working  in  collaboration  with  industry,  could  adopt  approaches 
that  would  facilitate  such  gains.   However,  realizing  these  gains  may  benefit 
from  a  combination  of  technologies  and  policies,  these  policies  could 
include: 

•  Voluntary  programs; 

•  Utility  demand-side  management  programs; 

•  Stimulating  research,  development,  and  demonstration  to  make  new 
technologies  available; 

•  Market  pull  and  demonstration  programs  that  stimulate  the  development 
and  application  of  advanced  technologies; 

•  Regulatory  programs  including  minimum  energy-efficiency  standards, 
such  as  for  appliances; 

•  Tradable  emissions  permits; 

•  Education  and  training; 

•  Information  and  advisory  measures. 

c. Please  provide  a  list  of  the  "numerous  studies"  referenced  in  the 
Summary  and  identify  those  that  are  not  peer  reviewed. 

Answer:  See  attached  list. 

d.What  "technical  conservation  measures"  and  "improved  management 
practices"  did  the  authors  have  in  mind? 
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Answer:  The  SPM  and  underlying  assessment  chapters  of  WG  11  enumerate 
the  potential  for  gains  in  all  sectors,  i.e.,  transportation,  buildings,  industry, 
and  energy  supply.  The  SPM  notes  a  number  of  possible  approaches: 

Technical  measures: 

Industry:  Improving  efficiency  (e.g.,  energy  and  materials  savings,  co- 
generation,  energy  cascading,  steam  recovery,  and  use  of  more-efficient 
motors  and  other  electrical  devices);  recycling  materials  and  switching  to 
those  with  lower  greenhouse  gas  emissions;  and  developing  processes  that 
use  less  energy  and  materials. 

Transportation:   Smaller  vehicles;  altered  land-use  patterns,  transport 
systems,  mobility  patterns  and  lifestyles;  and  shifting  to  less  energy- 
intensive  transport  modes. 

Commercial/residential  sector:   Reduced  heat  transfers  through  building 
structures  and  more-efficient  space-conditioning  and  water  supply  systems, 
lighting,  and  appliances. 

Energy  supply:  New  technologies  offer  considerably  increased  conversion 
efficiencies.  For  example,  it  is  projected  that  the  efficiency  of  power 
production  can  be  increased  from  the  present  world  average  of  about  30%  to 
more  than  60%  in  the  longer  term.  Also,  the  use  of  combined  heat  and 
power  production  replacing  separate  production  of  power  and  heat  ~ 
whether  for  process  heat  or  space  heating  -  offers  the  potential  for  a 
significant  rise  in  fiiel  conversion  efficiency. 

Management  Practices:     As  discussed  in  the  SPM  and  the  underlying 
chapters,  the  optimum  mix  of  management  strategies  will  vary  fi-om 
situation  to  situation  and  will  need  to  be  tailored  for  local  situations.   The 
list  of  options  includes: 

•  affecting  the  timing  and  level  of  temperature  settings  in  commercial  and 
residential  structures 

•  introducing  energy  meters  and  billing  clients  per  unit  of  energy  used 

•  introducing  controls  that  permit  occupants  to  control  heating  systems, 
especially  in  older  structures 

•  increased  use  of  insulation  in  space  conditioning,  water  heating,  etc.,  to 
reduce  energy  loss 
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•  providing  energy  information  through  product  labeling,  rating  systems, 
demonstration  programs,  energy  audits  and  workshops,  etc. 

•  land-use/urban  planning  and  management  of  transportation  systems  to 
promote  viable  public  transit  alternatives 

•  organizing  and  promoting  recycling 

•  use  of  life-cycle  analyses  of  energy  and  materials  flows  in  industry 
coupled  with  the  development  of  modem  industrial  production  systems 
that  use  the  by-products  of  one  process  as  inputs  to  others 

•  use  of  vegetation  to  provide  shading,  lower  windspeeds  and  heat  loss, 
reduce  urban  "heat-island"  effects,  etc. 

As  discussed  in  the  SPM  and  the  underlying  chapters,  additional 
management  practices  unrelated  to  energy  use  are  available  to  reduce 
greenhouse  gas  emissions  from,  for  example,  land  fills,  municipal  waste 
treatment,  and  agricultural  soils  and  practices. 

e.Have  similar  or  additional  papers  been  prepared  by  the  other  two 
Working  Groups  or  the  IPCC  Chairman?  If  so,  please  provide  copies. 

AnSHCn  Yes,  by  IPCC  WG  m.   See,  in  particular: 

•  The  Summary  for  Policymakers  of  IPCC  WG  III 

•  Chapter  7  of  the  WG  III  Report,  "A  Generic  Assessment  of  Response 
Options" 

•  Chapter  8  of  the  WG  HI  Report,  "Estimating  the  Costs  of  Mitigating 
Greenhouse  Gas  Emissions" 

•  Chapter  9  of  the  WG  HI  Report,  "A  Review  of  Mitigation  Cost  Studies. 

15. Also,  on  page  SPM-12,  the  Working  Group  n  Summary  for 
Policymakers  notes  that  "energy  rise  [sic]  is  growing  world-wide"  but 
later  on  the  same  page,  the  report  states  energy  use  by  the  industrial 
sector  in  industrialized  countries  is  expected  to  be  "stable  or 
decreasing,"  while  increasing  in  developing  countries  as  a  result  of 
industrial  growth. 
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A.  What  is  the  short-  and  long-term  potential  for  energy  efficiency 

IMPROVEMENTS  IN  THE  MANUFACTURING  SECTOR  IN  DEVELOPING  COUNTRIES? 

Answer:  There  are  a  number  of  analyses  which  indicate  that  energy 
efficiency  gains  are  both  possible  and  likely  to  be  commercially  attractive  in 
many  developing  countries,  both  in  the  near  and  longer  term.   As  several 
developing  countries  are  responsible  for  a  significant  proportion  of  the 
growth  in  energy  consumption  (including  China,  India,  and  Brazil),  an 
evaluation  of  the  potential  for  efficiency  improvements  may  benefit  from  an 
understanding  of  current  trends  in  these  countries.   However,  national 
circumstances  vary  significantly  among  countries,  and  a  more 
comprehensive  review  would  be  necessary  to  make  broad  generalizations  on 
this  issue. 

China.  Until  1980,  China  followed  national  policies  focusing  on  heavy 
industry;  since  1980,  however,  the  emphasis  has  shifted  toward  lighter 
industries.  Industrial  growth  has  been  very  high  -  averaging  14%  annually  - 
-  while  aggregate  manufacturing  energy  intensity  declined  considerably  ~ 
30%  between  1980  and  1988  as  a  result  of  efficiency  improvements  in  all 
industrial  sectors.   Additional  improvements  are  projected. 

India.  Industrial  growth  in  India  has  been  slower  in  the  same  period  but  still 
impressive,  at  roughly  7%  annually.  India's  energy  efficiency  increased  by 
about  25  % .  A  larger  part  of  this  improvement  probably  was  accounted  for 
by  structural  changes  than  was  the  case  in  China.   Similar  fumre 
improvements  are  expected  to  continue. 

Brazil  The  picture  for  Brazil  is  altogether  different  because  the  growth  in 
export-oriented,  energy-intensive  industries  was  very  high.  From  1973  to 
1988,  industrial  production  increased  by  65%  while  energy  intensity 
increased  by  25%,  leading  to  a  doubling  of  total  energy  use.  Strucmral 
changes  between  and  within  industrial  sectors  were  the  dominating  force, 
more  than  compensating  for  efficiency  improvements  in  individual  sectors. 
However,  part  of  this  growth  has  been  based  on  hydroelectric  energy  and 
shifts  to  biomass  alcohol  fuel,  with  the  result  that  the  additions  to  GHG 
emissions  are  less  than  energy  demand  growth. 

B.WHAT  is  THE  EXPECTED  PERCENTAGE  FOR  SUCH  IMPROVEMENTS  IDENTIFIED  IN 
A.? 

Answer:  A  study  of  the  Indian  industrial  sector  cited  in  Chapter  20 
("Industry")  of  the  WG  11  report  concluded  that  energy  efficiency  gains  of 
8-10%  were  possible  in  the  metals  industries;  10-15%  in  chemicals. 
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ceramics,  and  glass;  20-25%  in  cement  and  pulp  and  paper;  and  70-80%  in 
sugar  refining  (Raghuraman,  1989).  These  gains  would  bring  Indian 
industrial  energy  intensity  more  into  line  with  energy-efficient  modes  of 
production  (TERI,  1991).  With  respect  to  other  developing  countries,  some 
technologies  —  such  as  electric  motor  drives,  heating,  and  evaporation  -  are 
used  across  many  industries  and  thus  offer  large  opportunities  for  energy 
savings.   Electric  motor  drives,  for  example,  use  more  than  half  of  all 
electricity  in  the  industrial  sector  in  many  developing  countries,  including 
China  and  Brazil.   Investments  in  motor-speed  controls  and  more-efficient 
motor  components  can  reduce  electricity  use  in  industrial  motor 
applications,  with  an  internal  rate  of  return  on  investment  of  30  to  50% . 

Integrating  industrial  and  residential-commercial  energy  use  by  establishing 
energy-management  systems  that  utilize  an  "energy  cascade"  presents 
promising  opportunities  for  increased  efficiency  -  especially  in  newly 
industrialized  nations,  where  a  systematic  approach  to  efficiency 
improvements  is  particularly  important.  An  energy  cascade  uses 
successively  lower-temperature  industrial  waste  heat  in  a  variety  of  other 
industrial,  residential,  and  commercial  district-heating  and  cooling 
applications.   The  underlying  chapter  of  the  WG  11  report  does  not  provide 
percentage  improvements  in  efficiency  for  these  latter  technologies  and 
approaches. 

C.HOW  WILL  DEVELOPING  COUNTRIES  ACfflEVE  SUCH  EFFICIENCIES  AS  THEY  GROW 
WITHOUT  AN  EXTENSIVE  TRANSFER  OF  U.S.  AND  OTHER  DEVELOPED  COUNTRY 
FUNDS  AND  TECHNOLOGIES? 

Ansvyer:  As  mentioned  in  the  SPM  and  discussed  in  WG  11  Chapter  20, 
implementing  more  energy-efficient  industrial  technologies  will  depend  on 
many  factors,  chief  among  them  are  financing,  energy  and  materials  pricing, 
.   market  imperfections,  research  and  development,  and  the  extent  to  which 
technology  transfer  occurs  from  developed  countries  to  developing  nations 
and  those  with  economies  in  transition.   Raising  efficiency  levels  involves 
complex  factors  such  as  the  higher  capital  and  foreign-exchange 
requirements  usually  associated  with  more-efficient  processes.  Moreover, 
the  scale  of  operations,  the  scarcity  of  management  resources,  and  the  age 
composition  of  equipment  creates  additional  difficulties  that  are  not  easily 
overcome  from  a  purely  energy -oriented  point  of  view. 

D.Will  these  low-cost  efficiencies  be  sufficient  to  account  for  the 
projected  increases  of  economic  growth  in  these  countries? 
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Answer:  While  there  are  many  reasons  for  the  projected  increases  of 
economic  growth  in  these  countries,  given  the  widely  diverging  levels  of 
industrial  development  (e.g.,  of  Southeast  Asian  economies  versus  sub- 
Saharan  economies),  general  conclusions  are  difficult.   However,  for 
developing  countries  as  a  whole,  it  is  expected  that  although  the  potential  for 
increased  efficiency  in  specific  energy  use  are  large,  the  aggregate  effect  of 
economic  growth  will  be  a  relatively  rapid  mcrease  in  GHG  emissions, 
primarily  as  a  result  of  industrial  growth,  but  also  because  the  world's  most 
populous  countries  -  China  and  India  --  are  dependent  to  a  large  extent  on 
domestic  coal  resources  for  industrial  energy  use. 

16.in  the  case  of  transportation,  the  working  group  ii  summary  for 
Policymakers  appears  to  center  only  on  motor  vehicles,  not  all  forms 
of  transportation  (see  p.  spm-12).  why  is  this  the  case?  please 
elaborate. 

An.swer:  Greenhouse  gas  mitigation  options  for  the  transportation  sector 
discussed  in  the  SPM  focus  on  road  transport  because  of  the  large  road- 
transport  share  of  energy  use  in  this  sector.   As  discussed  in  Chapter  21 
("Transportation")  of  the  WG  II  report,  for  a  group  of  some  20  countries 
for  which  data  are  available,  road  traffic  uses  roughly  80%  of  total  transport 
final  energy  consumption,  air  traffic  13%,  rail  4.4%,  and  inland  water 
transport  2.6% 

17. In  the  CASE  OF  Transportation,  the  Working  Group  II  Summary  for 
Policymakers  states  that  very  efficient  drive-trains,  light-weight 
construction  and  low-air  resistant  designs  of  vehicles,  use  of  smaller 
vehicles,  altered  land-use  patterns,  transport  systems,  mobility 
patterns,  lifestyles,  shifting  to  less  energy  intensive  transportation 
modes,  alternative  fuels  and  electricity  from  renewable  sources, 

TAKEN  together,  "PROVIDE  THE  OPPORTUNITY  FOR  REDUCING  GLOBAL 
transport  emissions  by  as  MUCH  AS  40%  OF  PROJECTED  EMISSIONS  BY  2025." 

A. How  REALISTIC  ARE  THESE  ESTIMATES,  TAKING  INTO  CONSIDERATION  THE 
RESEARCH  EXPERIENCE  OF  THE  DEPARTMENT  OF  ENERGY  AND  THE  POLITICAL 
AND  FUNDING  DIFFICULTIES,  AND  FROM  THE  STANDPOINT  OF  ACHIEVEMENT  IN 

THE  United  States,  Canada,  Mexico  and  globally?  Please  elaborate. 

Answer:  The  lead  authors  of  Chapter  21  ("Transportation")  of  the  WG  11 
Report  collectively  believe  that  these  estimates  were  very  realistic.  This  is 
not  to  say,  however,  that  attaining  these  improvements  will  be  automatic.   In 
fact,  as  discussed  in  the  WG  n  Technical  Summary  and  Chapter  21  itself, 
realizing  these  opportunities  seems  unlikely  without  new  policies  and 
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measures  in  many  countries.  Much  has  akeady  been  learned  about  the 
effective  use  of  policies  such  as  fuel  and  vehicle  taxes  and  fuel-economy 
standards  to  encourage  energy-efficiency  improvements.  In  addition, 
developing  cheap,  lightweight,  recyclable  materials  and  advanced  propulsion 
and  vehicle-control  systems  will  require  continued  research.  Policies  that 
affect  traffic  volimie  also  play  an  important  role.  These  include  road  tolls, 
restriction  of  car  access  and  parking  in  town  centers,  and  the  provision  of 
infrastructure  for  non-motorized  transport  in  town  centers  and  between 
urban  centers.   Several  cities  in  Latin  America,  Southeast  Asia,  and  Europe 
have  succeeded  in  stemming  growth  in  car  use  by  employing  combined 
strategies.   Transport  plays  an  increasingly  important  social  and  economic 
role,  and  measures  to  reduce  emissions  may  fail  if  people  perceive  them  as 
compromising  this  role.  Success  in  reducing  carbon  emissions  will  require 
integrated  approaches  and  probably  will  depend  on  simultaneously 
addressing  other  problems  such  as  congestion  and  air  pollution  (including 
emissions  of  particulates,  and  of  NO^j  and  VOCs  that  are  precursors  to 
tropospheric  ozone). 

B. Since  the  establishment  of  the  Department  of  Energy  in  1977,  how 

MANY  SIMILAR  ESTIMATES  HAVE  BEEN  MADE,  PARTICULARLY  REGARDING 
TECHNOLOGIES,  FOR  PERIODS  OF  TEN  YEARS  OR  MORE  AND  WHAT  HAS  BEEN  THE 
SUCCESS  OF  SUCH  ESTIMATES? 

Answer:  The  answer  to  these  questions  needs  to  be  treated  in  two  distinct 
parts:  those  related  to  advances  in  conventional  (gasoline  and  diesel)  vehicle 
and  engine  designs,  and  those  related  to  alternative  engines  like  turbine  and 
electric  vehicles.   In  the  area  of  conventional  engines  and  vehicles  the 
forecasts  of  technology  development  and  commercialization,  to  a  very  large 
degree,  have  proven  accurate.  What  has  been  inaccurate  has  been  the 
projections  of  gasoline  prices  (actual  prices  are  more  than  $.30/gallon 
lower  than  forecast)  and  the  market  response  to  the  low  fuel  prices.   For 
example,  the  Energy  Information  Administration's  1985  Annual  Energy 
Outlook  (published  February  12,  1990)  forecast  that  retail  gasoline  prices  in 
1995  would  be  $1.66  per  gallon.  Actual  prices  in  1995  averaged  $1.15  per 
gallon,  $0.50  below  the  forecast.   By  1990  (EIA,  1995  Annual  Energy 
Outlook,  published  January  12,  1995),  EIA  had  lowered  its  forecasted  1995 
gasoline  price  to  $1.31  per  gallon  (1995  dollars),  still  $0.16  per  gallon  over 
what  occurred.. 

Partly  as  a  result  of  lower  prices,  consumers  are  demanding  greater 
performance  and  other  vehicle  attributes  that  add  weight.   Manufacturers 
respond  to  these  demands  by  developing  the  technologies  as  forecasted  but 
then  using  them  to  deliver  performance  and  comfort  (and  other  attributes)  at 
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the  expense  of  fuel  economy.  In  the  area  of  alternative  engines,  the 
projected  technology  developments,  in  terms  of  meeting  design  or  prototype 
performance  goals,  have  been  slaved  by  uneven  government  policies, 
particularly  funding.  While  they  have  been  moderately  successful 
commercialization  has  occurred  piece  meal  resulting  in  incremental 
"convention  improvements"  rather  than  the  development  of  "new"  engines. 
There  are  two  reasons  for  this  failure  to  achieve  commercial  success.   The 
first  is  that  the  manufacturing  costs  of  the  new  technologies  continue  to  be 
higher  than  forecast  and  substantially  higher  than  conventional  engines.  The 
second  reason  is  that  proponents  of  the  advance  engines  and  vehicles  have 
continually  underestimated  the  advances  that  have  been  made  in  what  they 
believed  to  be  "mature"  conventional  engine  designs.   These  advances  in  the 
specific  power,  efficiency  and  emissions  characteristics  of  both  gasoline  and 
diesel  engines  have  either  completely  negated  or  largely  offset  potential 
advantages  of  the  alternative  engine/ vehicle  designs. 

When  these  small  to  modest  gains  are  compared  to  the  higher  costs  and 
market  uncertainties,  manufacturers  see  little  to  be  gained  from 
commercializing  the  advanced  technologies.  This  situation  was  discussed  in 
a  1991  presentation  by  Stephenson  and  Moore  (also  attached).   Overall,  we 
believe  that  the  technology  forecasts  have  been  successful,  but  that  market 
trends,  energy  prices  and  changes  in  policy  inherently  less  determinate  has 
not  been  well  foreseen. 

c.Are  the  mitigation  chapters  of  Working  Group  II  and  their  assessments 

REALISTIC  in  LIGHT  OF  PAST  PREDICTIONS,  AND  DO  THEY  INCLUDE  THE  FACTOR 
OF  "COMMERCIALIZATION"? 

Answer:   Yes.   Commercialization  is  addressed  and  the  rate  and  magnitude 
of  commercialization  will  be  affected  by  the  factors  mentioned  in  the  answer 
to  question  17a. 

D.lN  THE  CASE  OF  SMALLER  VEHICLES,  WAS  THE  ISSUE  OF  "SAFETY"  AND  THEIR 
IMPACT  ON  PEOPLE  CONSIDERED  AND  DISCUSSED,  AND  IF  NOT,  WHY  NOT? 

Answer:   Yes,  in  the  case  of  smaller  vehicles,  improved  safety  was 
balanced  with  energy  and  environment  goals,  especially  those  of  reducing 
urban  air  pollution  and  greenhouse  gas  emissions.   The  major  way  that 
safety  is  alleged  to  be  compromised  when  reducing  fuel  use  per  vehicle- 
kilometer  is  through  changes  in  design  that  reduce  vehicle  mass.   Vehicle 
mass  can  be  reduced  by  using  advanced  materials,  improving  component 
design  and  joining  techniques,  and  reducing  vehicle  size  or  engine  size. 
Concept  cars  have  been  demonstrated  with  masses  30  to  40%  below  those  of 
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conventional  cars  of  similar  size  and  performance.   According  to  Chapter  21 
of  the  WG  n  report,  "The  technical  potential  in  2010  for  mass  reductions 
without  compromising  comfort,  safety,  and  performance  is  probably  in  the 
range  of  30  to  50%  for  most  vehicle  types."  Such  a  mass  decrease  would 
lead  to  reductions  in  energy  intensity  in  the  region  of  15  to  30%,  provided 
engine  size  is  reduced  to  keep  performance  constant. 

Speed  is  a  second  important  influence  on  safety  and  energy  use  by  all  types 
of  vehicles  that  was  considered  in  the  underlying  WG  n  chapter  on 
transportation.   For  road  and  rail  transport,  moderate  reductions  in  average 
road  vehicle  speed  (e.g.,  from  90  km/h  to  85  km/h)  can  lead  to  energy 
savings  on  the  order  of  1  to  5%  .  In  the  past,  vehicle  speed  limits  have 
been  justified  primarily  on  safety  grounds;  the  recent  elimination  of  a 
national  speed  limit  in  the  United  States  will  provide  evidence  to  confirm  or 
refute  the  hypothesis  that  moderate  speed  limits  improve  both  fuel  efficiency 
and  safety. 

E.IS  IT  POSSIBLE  TO  REACH  THE  40%  IMPROVEMENT  WHEN  SAFETY  AND  OTHER 
FACTORS  ARE  CONSIDERED? 

Answer:  Yes,  this  is  included  in  the  design  criteria,  and  it  appears  that  this 
is  possible 

18. Please  identify  all  the  members  of  the  IPCC  Bureaus  and  include 
their  position  in  the  countries  that  they  represent. 

Answer:  The  Chair  of  the  IPCC  is  elected  as  an  individual,  on  the  basis  of 
his/her  scientific  qualifications.  All  other  members  of  the  IPCC  Bureaus  are 
individuals  named  by  selected  countries;  it  is  the  country  that  has  the 
authority  to  select  the  individual.  If  the  individual  should  leave  for  any 
reason,  the  country  names  a  successor.  Individuals  named  are  to  be  experts 
in  relevant  fields. 


TPCC  Position 


Name 


Country 


Position 


Chairman: 


Prof.  Bert  Bolin  Sweden         Prof.  Emeritus/  Ret.  Science 

Adviser  to  Swedish  Prime 
Minister 


Co-chairman:  Dr.  A.  Al-Gain  Saudi  Arabia  Directorate  of  Meteorology 

and  Environmental 
Protection 
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Co-chairman:  Prof.  Yu.  A.  Izrael      Russian  Fed.  Russian  Fed.  Academy  of 

Sciences 

WG  I  Co  chairman:    Sir  John  Houghton       U.K.  Royal  Society,  Ret.  Head, 

UK  Meteorological  Office 

WG  I  Co-chairman:    Dr.  L.G.  Meira  Filho  Brazil  President,  Brazilian  Space 

Agency 

WG  I  Vice-chair:        Dr.  D.  Ehhalt  Germany        Dir.,  Institut  fiir  Chemie 

Forschungszentrum  Jiilich 

WG  I  Vice-chair:        Dr.  Ding  Yihui  China  Chinese  Academy  of 

Sciences 

WG  I  Vice  chair:        Dr.  A.  B.  Diop  Senegal  Head,  Meteorological  Office 

WG  n  Co-chairman:  Dr.  R.  T.  Watson        USA  Assoc.  Dir.,  Environment, 

Office  of  Science  and 
Technology  Policy 

WG  n  Co-chairman:  Dr.  M.  C.  Zinyowera  Zimbabwe      Head,  Meteorological  Office 

WG  n  Vice-chair:       Dr.  H.  Tsukamoto       Japan  Head,  Global  Environmental 

Affairs  Office,  Ministry  of 
International  Trade  and 
Industry 

WG  n  Vice  chair:       Dr.  S.  K.  Sharma         India  Science  Advisor,  Ministry  of 

Environment  and  Forests 

WG  n  Vice-chair:       Prof.  P.  Vellinga         Netherlands    Professor  of  Earth  Sciences, 

Institute  for  Environmental 
Studies,  Vrije  Universiteit 

WG  n  Vice-chair:       Ing.  M.  Perdomo         Venezuela      Official,  Ministry  of 

Environment 

WG  n  Vice-chair:       Dr.  M.  Beniston  Switzerland    Professor,  Department  of 

Geography,  ETH  Zurich 

WG  n  Vice-chair:       Dr.  O.  Canziani  Argentina       Prof.  Emeritus,  Institute  de 

Estudios  e  Investigaciones 
Sobre  el  Medio  Ambiente 
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WG  n  Vice-chair:       Dr.  M.  Petit 


WG  II  Vice-chair:       Dr.  J.  Fria 


WG  m  Co-chairman:  Dr.  J.  P.  Bruce 


France  Directeur  General  Adjoint 

pour  la  Recherche,  Ecole 
Polytechnique 

Tunisia  Directeur  de  I'Environ- 

nement  Industriel,  Ministere 
de  rEnvironnement  et  de 
TAmenagement 

Canada  Ret.  Asst.  Deputy  Minister, 

Environment  Canada 


WG  in  Co  chairman:  Dr.  Hoesung  Lee         Korea 


Head,  Institute  of  Energy 
and  Economics 


WG  HI  Vice-chair:     Dr.  L.G.  Lorentsen     Norway  Adviser,  Ministry  of 

Environment 


WG  m  Vice-chair:     Prof.  R.  Odingo  Kenya 


Prof,  of  Geography,  Univ. 
of  Nairobi 


EPCC  Region  I  (Africa) 

Dr.  A.  Y.  Salahu         Nigeria 


IPCC  Region  n  (Asia): 


Dr.  A.  H.  Nasrallah     Kuwait 


Head,  Meteorological  Office 
Professor,  Univ.  of  Kuwait 


IPCC  Region  m  (South  America): 

Dr.  K.  Robertson         Colombia       Professor,  Univ.  of  Bogota 

IPCC  Region  IV  (North/Central  America  and  the  Caribbean): 

Dr.  F.  Moros  Cuba  Head,  Meteorological  Office 

IPCC  Region  V  (Southwest  Pacific  and  Small  Islands): 

Dr.  J.  Zillman  Australia        Director,  Climate  Change 

Section,  Department  of 
Environment,  Sport  and 
Territories 


IPCC  Region  VI  (Europe): 

Dr.  M.  Buatista  Perez  Spain 


Head,  Meteorological  Office 


(Note:   The  Regional  Representatives  are  unanimously  nominated  by  the  government 
representatives  from  the  respective  regions) 
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19. Since  my  previous  letter  on  October  19,  1995,  regarding  the  IPCC  and 
related  matters,  an  ipcc  discussion  paper  entitled,  "the  future  of 
the  ipcc  (ipcc-x/d0c.5)"  has  come  to  my  attention,  along  with  an 
ipcc  discussion  paper  for  ipcc  working  group  11  on  "future  ipcc 
Working  Group  n  Activities  during  1996  and  1997. "  To  my  knowledge, 

NEITHER  paper  WAS  REQUESTED  BY  COP-I  NOR  ANY  OF  THE  SUBSIDIARY  BODIES. 
I  UNDERSTAND  THE  SECOND  PAPER  WAS  PREPARED  BY  THE  WORKING  GROUP  II 

Technical  Support  Unit  located  in  Washington,  DC.  I  also 

UNDERSTAND  THAT  BOTH  PAPERS  DISCUSS  A  PROCESS  FOR  SO-CALLED  "QUICK" 
RESPONSE  TO  REQUESTS,  AND  BOTH  SUGGEST  THAT  THESE  ACTIVITIES  ARE  LIKELY 
TO  BE  COSTLY  TO  THE  PARTIES  AND  PARTICULARLY  THE  US    FINALLY,  I 
UNDERSTAND  THAT  BOTH  PAPERS  ARE  PART  OF  THE  PROVISIONAL  AGENDA  FOR 

THE  IPCC  Rome  meeting  beginning  December  1 1 ,  1995 .  Please  explain 

THE  STATUS  OF  EACH  DISCUSSION  PAPER. 

Answer:  A  number  of  papers  have  been  developed  by  the  IPCC,  including 
IPCC-X.D0C.5.   IPCC  X/D0C.5  was  superseded  by  IPCC-XI/Doc.7 
(Continuing  IPCC  Work  Program,  1996-2000),  which  was  proposed  for  the 
IPCC  Plenary  in  Rome  and  outlined  elements  of  a  potential  work  plan,  and 
procedures  for  preparing,  reviewing  and  accepting  technical  papers  in 
response  to  the  subsidiary  bodies  to  the  Conference  of  Parties  (COP).   This 
paper  was  developed  after  a  meeting  of  the  IPCC  Bureau,  and  a  meeting 
between  the  IPCC  Core  Team  (IPCC  chairman  and  executive  secretary;  and 
the  Co-chairs  and  executive  secretaries  of  WG  I,  11,  and  HI)  and 
representatives  from  the  three  Conference  of  Parties  (COP)  subsidiary 
bodies,  i.e.,  the  Berlin  Mandate  Working  Group,  the  Subsidiary  Body  for 
Scientific  and  Technological  Advice,  and  Subsidiary  Body  for 
Implementation.   The  suggested  preparation  and  review  process  for  technical 
papers,  which  was  slightly  modified  by  the  IPCC  Plenary  in  Rome,  is  to 
allow  the  IPCC  to  be  responsive  to  requests  for  scientific  and  technical 
information  from  the  subsidiary  bodies  to  the  COP,  ensure  credibility  and 
transparency  for  the  IPCC  process,  to  ensure  a  strong  government  role  in 
the  review  process,  and  to  minimize  costs.  In  March  1996,  SBSTA,  taking 
into  consideration  IPCC-XI/Doc.7,  and  the  discussion  of  the  IPCC  Plenary 
in  Rome  in  December  1995,  prepared  a  paper  with  a  proposed  IPCC  work 
program  (attached). 

20.please  explain  the  status  of  the  working  group  11  technical  support 
Unit  and  its  funding  for  fiscal  year  1995  and  1996,  including  the 

SOURCE  or  sources  OF  THESE  FUNDS. 
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Answer:  Each  of  the  three  IPCC  Working  Groups  has  a  standing  Technical 
Support  Unit  (TSU)  to  coordinate  the  preparation  of  IPCC  reports  and 
implement  other  parts  of  the  agreed-upon  DPCC  work  program.   Each  of 
these  TSUs  is  supported  by  the  developed-country  Co-chair  of  the  Working 
Group  (United  Kingdom  for  WG  I,  United  States  for  WG  II,  and  Canada  for 
WGUI. 

The  WG  n  Technical  Support  Unit  (TSU)  is  part  of  the  Program  Office  for 
the  U.S.  Global  Change  Research  Program  (USGCRP).   It  was  established 
as  an  integral  part  of  the  USGrCRP  Office  in  August  1993,  when  the 
program  office  itself  was  set  up,  to  facilitate  inter-agency  coordination  of 
global  change  research.   The  funding  for  the  WG  D  TSU  is  handled  through 
the  same  inter-agency  funding  that  handles  other  USGCRP  office  expenses. 

For  purposes  of  comparison,  the  WG  I  TSU  has  operated  continuously  since 
1989,  is  funded  by  the  British  Met  Office,  and  is  located  at  the  Met  Office 
Headquarters;  the  WG  HI  TSU  was  established  in  1993,  is  funded  by 
Environment  Canada,  and  is  based  at  an  independent  consulting  firm  in 
Toronto. 

21.1  understand  that  the  working  group  ii  discussion  paper  under  one 
project  indicates  that  the  bureau  could  provide  technical  papers  that 
"would  constitute  clarihcation,  interpretation,  or  elaboration  of 
the  material  in  the  sar"  in  response  to  specific  needs  of  the  cop  or  its 
Subsidiary  Bodies.  Such  papers  would  be  written  by  the  Bureau  of  the 
Working  Groups  or  by  "specially  commissioned  writing  teams  that 

WOULD  include  BUT  NOT  BE  LIMITED  TO  LEAD  AUTHORS  OF  THE  SAR"  AND  EACH 
PAPER  WOULD  TAKE  6-12  MONTHS.    IT  SUGGESTS,  BUT  DOES  NOT  EXPLAIN,  "AN 

expedited  review  and  acceptance  approval  mechanism"  for  the  papers. 

i  also  understand  that,  on  the  other  hand,  the  second  paper  proposes 
that  the  ipcc  "assess  particular  topics  in  response  to  the  needs"  of  the 
Convention  to  requests  from  sponsoring  bodies,  and  to  scientihc  or 
technical  questions  arising  in  the  literature. 

A. Could  this  be  interpreted  as  an  effort  by  the  Technical  Support  Unit 
AND  THE  Working  Groups  to  find  work  to  do  and  to  perpetuate 
themselves  until  1998  when  the  third  assessment  is  scheduled  to  begin, 

AND  if  not,  why  NOT? 

Answer;  No,  it  should  not  be  interpreted  in  this  manner.   IPCC  technical 
papers  would  be  responsive  to  the  needs  of  the  COP  or  one  of  its  subsidiary 
bodies.   At  a  first  joint  meeting  between  the  IPCC  and  the  subsidiary  bodies 
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of  the  COP,  it  was  made  quite  clear  to  EPCC  that  technical  reports  would  be 
needed  by  the  COP  and  its  subsidiary  bodies.  IPCC-XI/Doc.  7  broadly 
outlined  a  number  of  issues  that  may  need  clarification  ~  and  the  attached 
report  from  the  most  recent  meeting  (Geneva,  February  1996)  of  the  FCCC 
Subsidiary  Body  for  Scientific  and  Technological  Advice  provides  a  list  of 
requests  to  the  IPCC  for  additional  work  which  have  to  be  approved  by  the 
IPCC  Bureau.  The  proposed  technical  papers  will  be  based  on  the  Second 
Assessment  Report.   As  stated  in  the  answer  to  question  19,  the  IPCC 
Plenary  in  Rome  (December  1995)  agreed  procedures  for  technical  papers. 
In  addition  to  technical  papers,  SBSTA  requested  a  number  of  special 
reports  be  prepared  between  the  second  and  third  assessments  (which,  unlike 
technical  papers,  will  need  to  be  approved  by  the  IPCC  Xllth  Plenary).  In 
order  to  clarify  and  refine  aspects  of  the  SAR  and  to  prepare  the  basis  for 
the  TAR.   An  example  effort,  supported  by  the  US  and  WG  II,  would  be  to 
improve  the  methodology  for  preparing  plausible  regional  climate  scenarios 
to  be  used  in  vulnerability  assessments  in  the  TAR. 

b.What  is  the  actual  or  perceived  need  or  the  desire  for  a  segment  or 
segments  of  the  ipcc  to  engage  in  1996  and  1997  in  clarifications, 

interpretations,  or  elaborations  of  the  SAR  AFTER  THE  SAR  HAS  GONE 

through  the  review  and  acceptance  process  by  lead  authors, 
reviewers,  and  governments  prior  to  its  adoption  in  ipcc  plenary 
Session  in  Rome  next  month? 

Answer:    A  number  of  potential  topics  were  tabled  at  the  IPCC  Plenary  in 
Rome  in  December  1995,  that  would  benefit  from  such  elaboration,  and  an 
additional  list  of  requests  was  made  by  the  FCCC  Subsidiary  Body  for 
Scientific  and  Technical  Advice  at  its  second  session  in  Geneva  in  February 
1996.   It  is  the  subsidiary  bodies  to  the  Convention,  composed  of 
government  representatives,  that,  after  careful  analysis  of  the  Second 
Assessment  Report,  decided  what  elements  of  the  report  need  clarification, 
interpretation  or  elaboration  at  this  time.  This  is  not  the  purview  of  the 
IPCC. 

c.On  what  basis  COULD  these  Working  Groups  provide  such 
interpretations,  etc.? 

Ansvyer:  The  IPCC  would  commission  technical  papers  based  on  the 
requests  of  the  Convention,  and  the  technical  reports  would  be  based  on  the 
Second  Assessment  Report. 

d.What  would  be  the  cost  and  who  would  pay  that  cost? 


669 


43 
Answer:    The  cost  of  the  secretariat,  travel  costs  for  developing  country 
experts  to  attend  meetings,  and  meeting  costs  would  be  borne  by  IPCC  (paid 
for  by  voluntary  contributions  from  developed  countries).   Developed 
countries  would  also  have  to  pay  for  their  experts  to  participate  in  the 
process.   The  process,  agreed  to  by  the  IPCC  1 1th  Plenary  in  Rome  in 
December  1995,  for  preparation  and  review  of  these  reports,  would 
significantly  reduce  costs  by  eliminating  the  need  for  WG  or  IPCC  Plenary 
meetings.   The  cost  of  these  technical  reports  cannot  be  estimated  nor  can 
the  number  and  scope  of  the  reports.  A  budget  for  1996  projecting  future 
IPCC  costs  was  discussed  and  approved  at  the  Rome  Plenary. 

E.  What  is  the  capability  of  the  Bureau  from  the  standpoint  of  expertise 
TO  undertake  such  a  task? 

Answer:    As  indicated  in  the  Table  included  in  answer  to  question  18,  the 
Bureau  has  representation  from  both  developed  and  developing  country 
experts.   Many  of  the  Bureau  members  are  widely  recognized  scientists  of 
great  stature  who  have  a  very  broad  perspective  on  the  climate  change  issue. 
However,  the  technical  reports  would  not  be  prepared  by  the  Bureau,  but  by 
a  team  of  authors,  including  a  convening  lead  author,  selected  in  accordance 
with  the  guidelines  contained  in  the  IPCC  procedures.  The  final  report 
would  be  written  by  the  lead  authors  in  consultation  with  the  IPCC  Bureau, 
which  would  act  as  an  editorial  board. 

F.  Who  and  how  would  such  writing  teams  be  selected? 

Answer;  Technical  reports  would  be  prepared  by  a  team  of  authors, 
including  a  convening  lead  author,  selected,  in  accordance  with  the 
guidelines  contained  in  the  IPCC  procedures.   This  process  was  approved  in 
December  1995  in  Rome  by  governments  at  the  IPCC  11th  Plenary  session. 

g.What  is  the  "expedited"  process  to  be  employed,  would  the  process  be 

OPEN  AND  transparent,  AND  HOW  WOULD  PRESENT  IPCC  PROCEDURES  HAVE 

to  be  modified? 

Answer;  The  process  would  be  open  and  transparent,  and  would: 

(a)  be  based  on  material  already  in  the  IPCC  assessment  reports  and  special 
reports 

(b)  be  initiated  in  response  to  (i)  request(s)  from  COP  or  its  subsidiary 
bodies  and  agreed  by  IPCC  Bureau,  or  (ii)  as  decided  by  the  IPCC; 
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(c)  be  prepared  by  a  team  of  authors,  including  a  convening  lead  author, 
selected  by  the  IPCC  Bureau,  in  accordance  with  the  guidelines  contained  in 
the  IPCC  procedures 

(d)  be  submitted  in  draft  form  for  simultaneous  expert  and  government 
reviews  at  least  four  weeks  before  the  comments  are  due 

(e)  be  revised  by  the  lead  authors  based  upon  comments  received  in  the 
above  step 

(f)  be  submitted  for  final  government  review  at  least  four  weeks  before  the 
comments  are  due 

(g)  be  finalized  by  the  lead  authors  in  consultation  with  the  EPCC  Bureau, 
which  fiinctions  in  the  role  of  an  editorial  board,  based  upon  the  comments 
received 

(h)  if  necessary,  as  determined  by  the  IPCC  Bureau,  would  include  in  an 
armex  differing  views,  based  on  comments  made  during  the  final 
government  review,  not  otherwise  adequately  reflected  in  the  paper. 

Such  technical  papers  would  bear  prominently,  at  the  beginning,  the 
following  statement: 

"This  is  a  technical  Paper  of  the  Intergovernmental  Panel  on 
Climate  Change  prepared  in  response  to  a  [request  of  the  United 
Nations  Framework  Convention  on  Climate  Change]/[decision  of 
the  Panel].  The  material  herein  has  undergone  expert  and 
government  review  but  has  not  been  considered  by  the  Panel  for 
possible  acceptance  or  approval." 

H. Would  the  Working  Groups  have  to  meet  to  adopt  these  papers? 

Answer:   No.   This  decision  recognizes  that  the  WGs  have  accepted  the 
assessment  report  on  which  the  technical  papers  would  be  based. 

I. How  WOULD  SUCH  A  PROCESS  MIRROR  THE  PROCESS  FOR  THE  SAR  SO  AS  TO 
ENSURE  FAIRNESS,  TOTAL  CONSISTENCY  WITH  THE  SAR,  AND  BE  POLITICALLY 
AND  UNIVERSALLY  ACCEPTABLE  TO  THE  PARTIES  AND  THE  PUBLIC? 

Answer:   See  the  answer  to  question  21g. 
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J. Would  the  requests  have  to  come  from  the  COP  and/or  Subsidiary 
Bodies  or  could  the  Chair  of  the  COP  or  the  Subsidiary  Bodies  initiate 

THEM  without  APPROVAL  OF  THE  PARTIES  IN  MEETINGS  OF  THE  COP  OR  THE 

Subsidl\ry  Bodies? 

Answer:  See  the  answer  to  question  21g. 

k.What  is  the  us  position  on  these  papers  or  any  similar  proposal?  Does 
the  sar  need  clarihcation,  etc.? 

Answer;  The  US  is  in  broad  agreement  with  the  need  and  process  for 
developing  for  technical  papers,  and  endorsed  their  adoption  at  the  Rome 
IPCC  Plenary  Meeting  in  December  1995. 

The  need  for  clarification  was  determined  by  the  Scientific  Body  for 
Scientific  and  Technical  Advice  (SBSTA)  and  the  Ad  Hoc  Group  on  the 
Berlin  Mandate  (AGBM).  The  U.S.  supported  these  decisions. 

22.1  understand  that  an  ANALYSIS  AND  ASSESSMENT  OF  THE  ALLIANCE  OF 

Small  Island  States  draft  proposal  by  the  Department  of  Energy  is 
completed  or  nearly  complete.  please  provide  a  copy  of  the  results. 

Answer:  The  Department  of  Energy,  jointly  with  the  Environmental 
Protection  Agency,  is  engaged  in,  but  has  not  yet  completed  an  analysis  and 
assessment  process,  examining  the  economic  impacts  of  the  AOSIS  protocol. 
This  work  will  be  made  available  to  the  Committee  as  soon  as  possible. 

23.1  UNDERSTAND  THAT  AN  OCTOBER  30,  1995,  DRAFT  DOCUMENT  ENTITLED  THE 
"ESTABLISHMENT  OF  INTERGOVERNMENTAL  TECHNICAL  ADVISORY  PANELS" 
CALLS  FOR  TECHNICAL  ADVISORY  PANELS  TO  IMPLEMENT  A  "PROGRAMME  OF 
WORK"  ATTACHED  TO  THE  DRAFT.    THE  PANEL  IS  TO  BE  COMPOSED  OF  TWENTY 
MEMBERS,  TEN  FROM  THE  FIVE  U.N.  REGIONAL  GROUPS,  FIVE  FROM  ANNEX  I 

Parties,  and  hve  from  non- Annex  I  Parties. 

a.Why  is  such  a  panel  needed,  especially  in  1996  OR  1997? 

Answer:    The  Technical  Advisory  Panels  (TAPs)  were  originally  conceived 
to  provide  for  the  long-term  need  of  the  FCCC~for  technical  input  on 
methodologies  and  on  technology  development  and  diffusion.   As  one  of 
their  first  tasks,  the  U.S.  had  proposed  that  the  TAPs  be  charged  with 
identifying  "innovative,  efficient,  and  state-of-the-art  technologies  and 
know-how  and  advice  on  the  ways  and  means  of  promoting  development 
and/or  transferring  such  technologies."  The  U.S.  recognizes  that 
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technology  development  and  transfer  is  a  long-term  process,  not  only  a 
short-term  event,  and  that  it  is  critical  for  the  TAPs  to  be  put  in  place  to 
begin  this  effort.   No  agreement  was  reached  on  the  establishment  of,  or 
possible  strucmre  for  TAPs  at  the  most  recent  session  of  the  FCCC 
Subsidiary  Body  for  Scientific  and  Technological  Advice  in  late  February 
1996.   The  United  States  urged  at  this  session  that  the  principle  focus  for 
selecting  Panel  members  should  be  scientific  and  technical  expertise  -  not 
geographic  representation. 

B.  Would  the  meetings  of  this  panel  be  open  and  transparent  or  closed? 

Answer:  While  no  decisions  have  yet  been  taken  on  the  organization  of  the 
work  of  the  Panels,  the  United  States  would  expect  all  reports  produced  by 
the  expert  panels  to  be  peer-reviewed  and  made  available  to  all  Parties. 

c. Please  identify  the  five  regions  and  indicate  how  many  Panel  members 
in  total  are  likely  to  be  from  developing  countries? 

Answer:   The  five  U.N.  regions  include  (1)  Western  Europe  and  Others 
(WEOG,   which  includes  the  U.S.  and  Canada),  (2)  Latin  America,  (3) 
Asia,  (4)  Africa  and  (5)  Eastern  Europe  and  the  Former  Soviet  Union.   A 
proposal  to  have  equal  numbers  of  panel  members  from  each  region  was  not 
accepted  at  the  recent  FCCC  Subsidiary  Body  meeting  in  Geneva. 

D.I  ALSO  understand  THAT  THE  U.S.  IS  NOT  SUPPORTIVE  OF  THIS  PROPOSAL.    IS 
THAT  CORRECT,  AND  IF  SO,  WHAT  DOES  THE  U.S.  SUPPORT  AND  WHY? 

Answer:   Attached  is  the  U.S.  statement  made  at  the  AGBM  and  SBSTA 
meetings  in  February /March,  1996.   The  U.S.  statement  recommends  four 
basic  principles  for  establishment  of  the  TAPs:  (1)  the  TAPs  should  be 
experts  of  the  private  and  public  sector  including  academia  and  NGOs,  (2) 
the  members  must  be  independent  experts,  not  representing  any  government 
or  region,  industry  or  private  organization,  (3)  work  from  the  panels  must 
be  subject  to  independent  peer  review  and  presented  as  objective  information 
to  the  SBSTA  and  AGBM,  (4)  there  should  be  geographic  balance  to  insure 
technical  options  and  perspectives  are  reflected.   The  U.S.  further 
recommends  that  the  functions  of  the  two  TAPs  be  combined  into  a  single 
panel;  the  panel  should  not  be  sunsetted  in  1997,  the  panel's  workplan 
should  focus  on  an  assessment  of  innovative  technologies  and  be  broad 
enough  to  include  the  widely  differing  potential  applications  throughout  the 
world;  the  members  be  selected  on  the  basis  of  their  expertise;  and  that  the 
panels  have  flexibility  to  operate. 
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E. Please  explain  the  origin  of  this  program  of  work,  the  deadlines,  and 

THE  product  to  BE  PRODUCED. 

Answer:   The  TAPs  were  proposed  to  assist  the  SBSTA  as  a  mechanism  to 
provide  technical  input  on  methodologies  and  on  technology  development 
and  diffusion.   Because  the  TAPs  have  not  been  finalized,  no  work  plans  or 
products  have  been  prepared. 

F.WHAT  is  the  PURPOSE  TO  BE  ACHIEVED  BY  EACH  ITEM  IN  THE  PROGRAM? 

Answer:   see  above  response 

g.how  would  this  panel  carry  out  each  of  the  items  of  the  program? 
Would  they  hire  consultants,  and  what  would  be  the  cost? 

Answer:   At  this  time,  as  the  body  itself  has  not  yet  been  established,  it  is 
difficult  to  determine  how  the  work  plan  for  the  panel  will  be  carried  out,  if 
consultants  will  be  used  or  what  costs  could  be  expected. 

H.HOW  WOULD  SUCH  A  PROCESS  MIRROR  THE  PROCESS  FOR  THE  SAR  SO  AS  TO 
ensure  FAIRNESS,  TOTAL  CONSISTENCY  WITH  THE  SAR,  AND  BE  POLITICALLY 
AND  UNIVERSALLY  ACCEPTABLE  TO  THE  PARTIES  AND  THE  PUBLIC? 

Answer:  The  review  process  is  expected  to  be  similar  to  that  of  the  IPCC 
in  that  it  will  allow  for  expert/peer  reviews.   However,  it  is  not  expected 
that  the  panel  will  be  required  to  submit  its  reports  for  governmental 
approval  prior  to  publication. 

24.1  UNDERSTAND  THAT  IN  ITS  OCTOBER  31,  1995,  STATEMENT  AT  THE  AGBM 
MEETING  IN  GENEVA,  THE  U.S.  CALLED  FOR  "AN  INFORMAL  SESSION"  NEXT 
FEBRUARY  AND  RECOMMENDED  AT  LEAST  TWO  PRESENTATIONS  TO  BE 
COORDINATED  THROUGH  THE  SECRET AlUAT. 

A.WOULD  THESE  SESSIONS  BE  OPEN? 

Answer:  Yes,  they  were. 
B.HAS  the  IPCC  AGREED  TO  MAKING  THESE  PRESENTATIONS? 

Answer:  Yes,  IPCC  Bureau  members  made  presentations  at  both  sessions. 

C.PLEASE  EXPLAIN  THE  NATURE  OF  THE  ANALYTICAL  PRESENTATION  THAT  I 
UNDERSTAND  THE  U.S.  PLANS  TO  MAKE. 
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Answer:   The  U.S.  planned  to  make  (and  made)  one  presentation  as  a  part 
of  the  Policy  and  Measures  workshop,  held  on  March  4,  1996,  on  the 
margins  of  the  3rd  session  of  the  Ad  Hoc  Group  on  the  Berlin  Mandate. 
Paul  Stolpman  of  EPA's  Office  of  Air  and  Radiation  addressed  non-C02 
gases  including  methane  in  his  presentation. 

25.1  UNDERSTAND  THAT  THE  CONCLUSIONS  OF  THE  LAST  AGBM  MEETING  ARE  NOT 
THOSE  OF  THE  PARTIES,  BUT  OF  THE  CHAIR  AND  THAT  THE  CHAIR  IS  APPARENTLY 
DECIDING  WHAT  CONSTITUTES  "CONSENSUS"  UNDER  THE  ARRANGEMENTS  OF  THE 

COP-1 .  The  Chair's  conclusion,  among  other  things,  calls  for  a 

NARROWING  DOWN  OF  THE  RANGE  OF  POLICIES  AND  MEASURES  UNDER 
CONSIDERATION.    THAT  CONCLUSION  APPEARS  TO  BE  INCONSISTENT  WITH  THE 
U.S.  STATEMENT  ON  POLICIES  AND  MEASURES  OF  OCTOBER  31  THAT,  AMONG 
OTHER  THINGS,  CALLS  FOR  A  MENU  OF  OPTIONS.    I  ALSO  UNDERSTAND  THAT  THE 
U.S.  DID  NOT  OBJECT.    ARE  MY  UNDERSTANDINGS  ACCURATE,  AND  IF  SO,  WHY 
WAS  NO  OBJECTION  RAISED  BY  THE  U.S.? 

Answer:   The  language  used  by  the  Chair  was  fairly  broad-based  and  did 
not  end  any  options  for  the  U.S.   The  language  includes  the  need  for 
flexibility  in  the  process  for  the  analysis  in  a  variety  of  areas.   The  U.S. 
continues  to  support  the  idea  of  a  menu  of  policies  and  measures  for 
consideration,  endorsing  this  concept  in  our  statement  on  this  issue  at 
AGBM-3  in  March  1996. 

26.1  UNDERSTAND  THAT  THE  U.S.  MADE  A  NUMBER  OF  REQUESTS  AND 
RECOMMENDATIONS  AT  THE  SECOND  AGBM. 

A. Please  list  them  and  explain  their  status. 

Answer:   The  following  4  interventions  were  made  at  AGBM-2: 

1 .  Protocol  or  other  legal  instrument.  The  United  States  requested  a 
Secretariat  review  of  existing,  relevant  conventions  with  respect  to  three 
categories:  binding  nature,  differentiation,  and  institutional  measures. 

Status:   The  issue  was  placed  on  the  agenda  for  AGBM-3,  and  the 
Secretariat  is  preparing  a  document  to  address  our  questions,  which  will  be 
completed  by  AGBM-4  in  July  1996.  ""^  •  ' 

2.  Policies  and  Measures.   The  United  States  requested  the  Secretariat  to 
develop  a  matrix  of  information  on  policies  and  measures  based  on 
countries'  national  communications  with  additional  information  provided 
through  the  in-depth  review  process.  The  U.S.  also  requested  the 
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Secretariat  to  compile  country  submissions  on  additional  ideas  and 
comments  on  policies  and  measures. 

Status:  The  Secretariat  has  prepared  a  document  of  policies  and  measures 
taken  from  completed  national  communications.   The  Secretariat  held  a 
workshop  on  Policies  and  Measures,  and  the  issue  was  included  on  the 
agenda  for  AGBM  3. 

3.  Quantified  Emission  Limitation  and  Reduction  Objectives  (QELROsV 
The  U.S.  requested  a  presentation  from  the  IPCC  to  include  briefings  from 
the  co-chairs  of  each  of  the  IPCC  working  groups,  and  we  requested  the 
Secretariat  to  organize  a  presentation  of  existing  analyses  of  various 
proposals. 

Status:  A  workshop  on  QELROs  was  held  February  28,  1996,  on  the 
margins  of  the  SBSTA  meeting,  and  directly  preceding  the  AGBM  session. 
Nearly  25  presentations  on  analytical  results  were  made  by  experts 
nominated  by  a  number  of  different  countries,  including  nongovernment 
experts  from  the  United  States. 

4.  Continuing  to  Advance  Commitments  Under  Article  4.1.   The  United 
States  requested  a  report  from  the  chair  of  the  SBI  and  asked  for  the 
consideration  of  additional  analytical  work  at  AGBM-3. 

Stams:    A  report  was  made  by  the  SBI  chair  at  AGBM-3.   In  addition, 
some  further  analytic  work  was  identified  by  the  United  States,  by  other 
OECD  countries,  and  by  several  developing  countries  —  and  the  topic  was 
on  the  agenda  at  AGBM-3  and  will  again  be  on  the  agenda  at  AGBM-4. 

B.Will  all  these  requests  and  recommendations  be  addressed  fully  by 
THE  Secretariat? 

An.swer:   See  above  response. 

c.The  delegation,  in  its  October  30  statement,  made  several  requests 
and  recommendations  in  particular.  Please  apply  them  to  the  U.S. 

AND  provide  your  RESPONSES  TO  EACH,  PARTICULARLY  THOSE  UNDER  THE 

HEADING  "Features  of  the  Legal  Instrument.  " 

Answer:   As  described  above,  four  issues  were  identified  in  the  U.S. 
interventions  (QELROs,  Policies  and  Measures,  Article  4.1,  and 
Protocol/Other  Legal  Instrument.  A  copy  of  the  U.S.  intervention  on  each 
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of  these  issues  made  at  AGBM-3  in  early  March  1996  is  attached,  and 
provides  a  detailed  indication  of  the  U.S.  position  on  each  issue. 
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IPCC  SECOND  ASSESS.VfENT  SYNTHESIS  OF 

SCIENTIFIC-TECHNICAL  INFORMATION 

RELEVANT  TO  INTERPRETING  ARTICLE  2  OF  THE 

UN  FRAMEWORK  CONVENTION  ON  CLIMATE  CHANGE 

1995 

1.  ADDRESSING  THE  UNFCCC  ARTICLE  2 

1.1  Following  a  resolution  of  the  Executive  Council  of  the  World  Meteorological 
Organization  (July  1992),  the  IPCC  decided  to  include  an  examination  of  approaches  to  Article 

2,  the  Objective  of  the  UN  Framework  Convention  on  Climate  Change  (UNFCCC),  in  its  work 
programme.  It  organized  a  workshop  on  the  subject  in  October  1 994  in  Fortaleza,  Brazil,  at  the 
invitation  of  the  Government  of  Brazil.  Thereafter,  the  IPCC  Chairman  assembled  a  team  of  lead 
authors  (listed  at  the  end  of  this  report)  under  his  chairmanship  to  draft  the  Synthesis.  The  team 
produced  the  draft  which  was  submitted  for  expert  and  government  review  and  comment.  The 
final  draft  Synthesis  was  approved  line-by-line  by  the  IPCC  at  its  eleventh  session  (Rome,  11-15 
December  1995),  where  representatives  of  116  governments  were  present  as  well  as  13 
intergovernmental  and  25  non-govemmental  organizations.  It  may  be  noted  for  information  that 
all  Member  States  of  the  World  Meteorological  Organization  and  of  the  United  Nations  are 
Members  of  the  IPCC  and  can  attend  its  sessions  and  those  of  its  Working  Groups.  The  Synthesis 
presents  information  on  the  scientific  and  technical  issues  related  to  interpreting  Article  2  of  the 
UN  FCCC,  drawing  on  the  underlying  IPCC  Second  Assessment  Report.  Since  the  Synthesis  is 
not  simply  a  summary  of  the  EPCC  Second  Assessment  Report,  the  Summaries  for  Policymakers 
of  the  three  IPCC  Working  Groups  should  also  be  consulted  for  a  summary  of  the  Second 
Assessment  Report. 

1 .2  During  the  past  few  decades,  two  important  factors  regarding  the  relationship  between 
humans  and  the  Earth's  climate  have  become  apparent.  First,  human  activities,  including  the 
burning  of  fossil  fuels,  land-use  change  and  agriculmre,  are  increasing  the  atmospheric 
concentrations  of  greenhouse  gases  (which  tend  to  warm  the  atmosphere)  and,  in  some  regions, 
aerosols  (microscopic  airborne  particles,  which  tend  to  cool  the  atmosphere).  These  changes  in 
greenhouse  gases  and  aerosols,  taken  together,  are  projected  to  change  regional  and  global 
chmate  and  climate-related  parameters  such  as  temperature,  precipitation,  soil  moisture  and  sea 
level.  Second,  some  human  conmiimities  have  become  more  vtilnerable'  to  hazards  such  as 
storms,  floods  and  droughts  as  a  result  of  increasing  population  density  in  sensitive  areas  such 
as  river  basins  and  coastal  plains.  Potentidly  serious  changes  have  been  identified,  including  an 
increase  in  some  regions  in  the  incidence  of  extreme  high-temperature  events,  floods  and 
droughts,  with  resultant  consequences  for  fires,  pest  outbreaks,  and  ecosystem  composition, 
structure  and  functioning,  including  primary  productivity. 


Vulnerabiliry  defines  the  extent  to  which  climate  change  may  damage  or  harm  a  system.  It 
depends  not  only  on  a  system's  sensitivity  but  also  on  its  ability  to  adapt  to  new  climatic 
conditions. 
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1.3  Scientific  and  technical  assessments  of  climate  change  and  its  impacts  have  been 
conducted  by  the  Intergovernmental  Panel  on  Climate  Change  (IPCC).  l"he  First  Assessment, 
published  in  1 990,  provided  a  scientific  and  technical  base  for  the  UN  Framework  Convention 
on  Climate  Change  (FCCC)  which  was  open  for  signature  at  the  Earth  Summit  in  Rio  in  1992. 

1.4  The  ultimate  objective  of  the  FCCC,  as  expressed  in  Article  2  is: 

"...  stabilization  of  greenhouse  gas  concentrations  in  the  atmosphere  at  a  level  that 
would  prevent  dangerous  anthropogenic  interference  with  the  climate  system. 
Such  a  level  should  be  achieved  within  a  time-frame  sufficient  to  allow 
ecosystems  to  adapt  naturally  to  climate  change,  to  ensure  that  food  production 
is  not  threatened  and  to  enable  economic  development  to  proceed  in  a  sustainable 
manner". 

1.5  The  challenges  presented  to  the  policymaker  by  Article  2  are  the  determination  of  what 
concentrations  of  greenhouse  gases  might  be  regarded  as  "dangerous  anthropogenic  interference 
with  the  climate  system"  and  the  charting  of  a  future  which  allows  for  economic  development 
which  is  sustainable.  The  purpose  of  this  synthesis  report  is  to  provide  scientific,  technical  and 
socio-economic  information  that  can  be  used,  inter  alia,  in  addressing  these  ciiallenges.  It  is  based 
on  the  1994  and  1995  reports  of  the  IPCC  Working  Groups. 

1 .6  The  report  follows  through  the  various  matters  which  are  addressed  in  Article  2.  It  first 
briefly  summarizes  the  degree  of  climate  change  -  the  "interference  with  the  climate  system"  - 
which  is  projected  to  occur  as  a  result  of  human  activities.  It  then  goes  on  to  highlight  what  we 
know  atout  the  vulnerabilities  of  ecosystems  and  human  communities  to  likely  climate  changes, 
especially  in  regard  to  agriculture  and  food  production  and  to  other  factors  such  as  water 
availability,  health  and  the  impact  of  sea  level  rise  which  are  important  considerations  for 
sustainable  development.  The  task  of  the  IPCC  is  to  provide  a  sound  scientific  basis  that  would 
enable  policymakers  to  bener  interpret  dangerous  anthropogenic  interference  with  the  climate 
system. 

1.7  Given  current  trends  of  increasing  emissions  of  most  greenhouse  gases,  atmospheric 
concentrations  of  these  gases  will  increase  through  the  next  century  and  beyond.  With  die  growth 
in  atmospheric  concentrations  of  greenhouse  gases,  interference  with  the  climate  system  will 
grow  in  magnitude,  and  the  likelihood  of  adverse  impacts  from  climate  change  that  could  be 
judged  dangerous  will  become  greater.  Therefore,  possible  pathways  of  fiiture  net  emissions 
were  considered  which  might  lead  to  stabilization  at  different  levels  and  the  general  constraints 
these  imply.  This  consideration  forms  the  next  part  of  the  report  and  is  followed  by  a  simimary 
of  the  technical  and  policy  options  for  reducing  emissions  and  enhancing  sinks  of  greenhouse 
gases. 

1.8  The  report  then  addresses  issues  related  to  equity  and  to  ensuring  that  economic 
development  proceeds  in  a  sustainable  manner.  This  involves  addressing,  for  instance,  estimates 
of  the  likely  damage  of  climate  change  impacts,  and  the  impacts,  including  costs  and  benefits, 
of  adaptation  and  mitigation.  Finally,  a  number  of  insights  from  available  studies  point  to  ways 
of  taking  initial  actions  (see  the  section  on  Road  Forward)  even  if,  at  present,  it  is  difficult  to 
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decide  upon  a  target  for  atmospheric  concentrations,  including  considerations  of  time-frames, 
that  would  prevent '  oangerous  anthropogenic  interference  with  the  climate  system". 

1.9  Climate  change  presents  the  decision  maker  with  a  set  of  formidable  complications: 
considerable  remaining  uncertainties  inherent  in  the  complexity  of  the  problem,  the  potential  for 
irreversible  damages  or  costs,  a  very  long  planning  horizon,  long  time  lags  between  emissions 
and  effects,  wide  regional  variations  in  causes  and  effects,  an  irreducibly  global  problem,  and  a 
multiple  of  greenhouse  gases  and  aerosols  to  consider.  Yet  another  complication  is  that  effective 
protection  of  the  climate  system  requires  international  cooperation  in  the  context  of  wide 
variations  in  income  levels,  flexibility,  and  expectations  of  the  future;  this  raises  issues  of 
efiBciency  and  intra-national,  international  and  intergenerational  equity.  Equity  is  an  important 
element  for  legitimizing  decisions  and  promoting  cooperation. 

1.10  Decisions  with  respect  to  Article  2  of  the  FCCC  involve  three  distinct  but  interrelated 
choices:  stabilization  level,  net  emissions  pathway  and  mitigation  technologies  and  policies.  The 
report  presents  available  scientific  and  technical  information  on  these  three  choices.  It  also  notes 
where  uncertainties  remain  regarding  such  infonnation.  Article  3  of  the  FCCC  identifies  a  range 
of  principles  that  shall  guide,  inter  alia,  decision  making  with  respect  to  the  ultimate  objective 
of  the  Convention,  as  found  in  Article  2.  Article  3.3-  provides  gmdance,  inter  alia,  on  decision 
making  where  there  is  a  lack  of  fiill  scientific  certainty,  namely  that  the  Parties  should: 

"take  precautionary  measures  to  anticipate,  prevent  or  minimize  the  causes  of  climate 
change  and  mitigate  its  adverse  effects.  Where  there  are  threats  of  serious  or  irreversible 
damage,  lack  of  full  scientific  certainty  should  not  be  used  as  a  reason  for  postponing 
such  measures,  taking  into  account  that  policies  and  measures  to  deal  with  climate  change 
should  be  cost  effective  so  as  to  ensure  global  benefits  at  the  lowest  possible  cost.  To 
achieve  this,  such  policies  and  measures  should  take  into  account  different  socio- 
economic contexts,  be  comprehensive,  cover  all  relevant  sources,  sinks  and  reservoirs  of 
greenhouse  gases  and  adaptation  and  comprise  all  economic  sectors.  Efforts  to  address 
climate  change  may  be  carried  out  cooperatively  by  interested  Parties." 

The  Second  Assessment  Report  of  the  IPCC  also  provides  infonnation  in  this  regard. 

1.11  The  long  time  scales  involved  in  the  climate  system  (e.g.,  the  long  residence  time  of 
greenhouse  gases  in  the  atmosphere)  and  in  the  time  for  replacement  of  infiastructure,  and  the 
lag  by  many  decades  to  centuries  between  stabilization  of  concentrations  and  stabilization  of 
temperature  and  mean  sea  level,  indicate  the  importance  for  timely  decision-making. 


Kuwait  registered  its  objection  to  quoting  only  subparagmph  j  of  Article  3  and  not  the  Article 
in  its  entiretv 


rvnco/^/^  rfi-coo  rr\t 
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2.         ANTHROPOGENIC  INTERFERENCE  WITH  THE  CLIMATE  SYSTEM 
Interference  to  the  present  day 

2.1  In  order  to  understand  what  constitutes  concentrations  of  greeniiouse  gases  that  would 
prevent  dangerous  interference  with  the  climate  system,  it  is  first  necessary  to  understand  current 
atmospheric  concentrations  and  trends  of  greenhouse  gases,  and  their  consequences  (both  present 
and  projected)  to  the  climate  system. 

2.2  The  atmospheric  concentrations  of  the  greenhouse  gases,  and  among  them,  carbon 
dioxide  (COi),  methane  (CHi)  and  nitrous  oxide  (N  0),  have  grown  significantly  since  pre- 
industrial  times  (about  1 750  A-D):  COj  from  about  280  to  ahnost  360  ppmv",  CH,  from  700  to 
1720  ppbv  and  NjO  from  about  275  to  about  310  ppbv.  These  trends  can  be  attributed  largely 
to  human  activities,  mostly  fossil  fuel  use,  land-use  change  and  agriculture.  Concentrations  of 
other  anthropogenic  greenhouse  gases  have  also  increased.  An  increase  of  greenhouse  gas 
concentrations  leads  on  average  to  an  additional  warming  of  the  atmosphere  and  the  Earth's 
surface.  Many  greenhouse  gases  remain  in  the  atmosphere  -  and  affect  climate  -  for  a  long  time. 

2.3  Tropospheric  aerosols  resulting  from  combustion  of  fossil  fiiels,  biomass  burning  and 
other  sources  have  led  to  a  negative  direct  forcing  and  possibly  also  to  a  negative  indirect  forcing 
of  a  similar  magnitude.  While  the  negative  forcing  is  focused  in  particular  regions  and 
subcontinental  areas,  it  can  have  continental  to  hemispheric  scale  effects  on  climate  patterns. 
Locally,  the  aerosol  forcing  can  be  large  enough  to  more  than  offset  the  positive  forcing  due  to 
greenhouse  gases.  In  contrast  to  the  long-lived  greenhouse  gases,  anthropogenic  aerosols  are 
very  short-lived  in  the  atmosphere  and  hence  their  radiative  forcing  adjusts  rapidly  to  increases 
or  decreases  in  emissions. 

2.4  Global  mean  surface  temperature  has  increased  by  between  about  0.3  and  0.6''C  since 
the  late  1 9th  century,  a  change  that  is  unlikely  to  be  entirely  natural  in  origin.  The  balance  of 
evidence,  from  changes  in  global  mean  surface  air  temperature  and  from  changes  in 
geographical,  seasonal  and  vertical  patterns  of  atmospheric  temperature,  suggests  a  discernible 
human  influence  on  global  climate.  There  are  uncertainties  in  key  factors,  including  the 
magnitude  and  panems  of  long-term  natural  variability.  Global  sea  level  has  risen  by  between 
1 0  and  25  cm  over  the  past  1 00  years  and  much  of  the  rise  may  be  related  to  the  increase  in 
global  mean  temperature. 

2.5  There  are  inadequate  data  to  determine  whether  consistent  global  changes  b  climate 
variability  or  weather  extremes  have  occurred  over  the  20th  century.  On  regional  scales  there  is 
clear  evidence  of  changes  in  some  extremes  and  climate  variability  indicators.  Some  of  these 
changes  have  been  toward  greater  variability,  some  have  been  toward  lower  variability.  However, 
to-date  it  has  not  been  possible  to  firmly  establish  a  clear  connection  between  these  regional 
changes  and  human  activities. 


ppmv  stands  for  pans  per  million  by  volume;  ppbv  stands  for  pons  per  billion  (thousand  million) 
by  volume.  Values  quoted  are  for  1992. 
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Possible  consequences  of  future  interference 

2.6  In  the  absence  of  mitigation  policies  or  significant  technological  advances  that  reduce 
emissions  and/or  enhance  sinks,  concentrations  of  greenhouse  gases  and  aerosols  are  expected 
to  grow  throughout  the  next  century.  The  IPCC  has  developed  a  range  of  scenarios  ,  IS92  a-f, 
of  future  greenhoDise  gas  and  aerosol  precursor  emissions  based  on  assumptions  concerning 
population  and  economic  growth,  land-use,  technological  changes,  energy  availability  and  fuel 
mix  during  the  period  1 990  to  2 1 00"*.  By  the  year  2 1 00,  carbon  dioxide  emissions  imder  these 
scenarios  are  projected  to  be  in  the  range  of  about  6  GtC'  per  year,  roughly  equal  to  current 
emissions,  to  as  much  as  36  GtC  per  year,  with  the  lower  end  of  the  IPCC  range  assuming  low 
population  and  economic  growth  to  2 1 00.  Methane  emissions  are  projected  to  be  in  the  range  540 
to  1 170  Tg*  CH4  per  year  (1990  emissions  were  about  500  Tg  CK^);  nitrous  oxide  emissions  are 
projected  to  be  in  the  range  14  to  19  Tg  N  per  year  (1990  emissions  were  about  13  Tg  N).  In  all 
cases,  the  atmospheric  concentrations  of  greenhouse  gases  and  total  radiative  forcing  continue 
to  increase  throughout  the  simulation  period  of  1990  to  2100. 

2.7  For  the  mid-range  IPCC  emission  scenario,  IS92a,  assuming  the  "best  estimate"  value 
of  climate  sensitivity'  and  including  the  effects  of  future  increases  in  aerosol  concentrations, 
models  project  an  increase  in  global  mean  surface  temperature  relative  to  1990  of  about  2''C  by 
2100.  This  estimate  is  approximately  one  third  lower  than  the  "best  estimate"  in  1990.  This  is 
due  primarily  to  lower  emission  scenarios  (particularly  for  CO,  and  CFCs),  the  inclusion  of  the 
cooling  effect  of  sulphate  aerosols,  and  improvements  in  the  treatment  of  the  carbon  cycle. 
Combining  the  lowest  IPCC  emission  scenario  (IS92c)  with  a  "low"  value  of  cUmate  sensitivity 
and  incliiding  the  effects  of  future  changes  in  aerosol  concentrations  leads  to  a  projected  increase 
of  about  rC  by  2100.  The  corresponding  projection  for  the  highest  IPCC  scenario  (IS92e) 
combined  with  a  "high"  value  of  climate  sensitivity  gives  a  warming  of  about  3.5''C.  In  all  cases 
the  average  rate  of  warming  would  probably  be  greater  than  any  seen  in  the  last  10,000  years,  but 
the  actual  annual  to  decadal  changes  would  include  considerable  natural  variability.  Regional 
temperature  changes  could  differ  substantially  from  the  global  mean  value.  Because  of  the 

-thermal  inertia  of  the  oceans,  only  50-90%  of  the  eventual  equilibrium  temperature  change  would 
have  been  realised  by  2100  and  temperature  would  continue  to  increase  beyond  2100,  even  if 
concentration  of  greenhouse  gases  were  stabilised  by  that  time. 

2.8  Average  sea  level  is  expected  to  rise  as  a  result  of  thermal  expansion  of  the  oceans  and 
melting  of  glaciers  and  ice-sheets.  For  the  IS92a  scenario,  assuming  the  "best  estimate"  values 


See  ubie  SPM-t  in  the  Summary  for  Policymakers  of  IPCC  Working  Group  11. 

To  convert  GtC  (gigatonnes  of  carbon  or  thousand  million  tonnes  of  carbon)  to  mass  of  carbon 
dioxide,  multiply  GtC  by  3.67. 

Tg:  teragram  is  10'-  grams. 

In  IPCC  reports,  climate  sensitivity  usually  refers  to  the  long  term  (equilibrium)  change  in  global 
mean  surface  temperarure  following  a  doubling  of  atmosphenc  equivalent  CO.  concentration. 
More  generally,  it  refers  to  the  equilibrium  change  in  surface  air  temperature  following  a  unit 
change  in  radiative  forcing  (°C/'Wm  ■) 
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of  climate  sensitivity  and  of  ice  melt  sensitivity  to  warming,  and  including  the  effects  of  fiiture 
changes  in  aerosol  concentrations,  models  project  an  increase  in  sea  level  of  about  50  cm  from 
the  present  to  2100.  This  estimate  is  approximately  25%  lower  than  the  "best  estimate"  in  1990 
due  to  the  lower  temperature  projection,  but  also  reflecting  improvements  in  the  climate  and  ice 
melt  models.  Combining  the  lowest  emission  scenario  (IS92c)  with  the  "low"  climate  and  ice 
melt  sensitivities  and  including  aerosol  effects  gives  a  projected  sea  level  rise  of  about  15  cm 
from  the  present  to  2100.  The  corresponding  projection  for  the  highest  emission  scenario  (IS92e) 
combined  with  "higfa"climate  and  ice-melt  sensitivities  gives  a  sea  level  rise  of  about  95  cm  fix)m 
the  present  to  2100.  Sea  level  would  continue  to  rise  at  a  similar  rate  in  future  centuries  beyond 
2100,  even  if  concentrations  of  greenhouse  gases  were  stabilised  by  that  time,  and  would 
continue  to  do  so  even  beyond  the  time  of  stabilisation  of  global  mean  temperature.  Regional  sea 
level  changes  may  differ  from  the  global  mean  value  owing  to  land  movement  and  ocean  current 
changes. 

2.9  Confidence  is  higher  in  the  hemispheric-to-continental  scale  projections  of  coupled 
atmosphere-ocean  climate  models  than  in  the  regional  projections,  where  confidence  remains 
low.  There  is  more  confidence  in  temperature  projections  than  hydrological  changes. 

2.10  All  model  simulations,  whether  they  were  forced  with  increased  concentrations  of 
greenhouse  gases  and  aerosols  or  with  increased  concentrations  of  greenhouse  gases  alone,  show 
the  following  feanires;  greater  surface  warming  of  the  land  than  of  the  sea  in  winter,  a  maximum 
surface  warming  in  high  northern  latitudes  in  winter,  little  surface  warming  over  the  Arctic  in 
summer;  an  enhanced  global  mean  hydrological  cycle,  and  increased  precipitation  and  soil 
moisture  in  high  latitudes  in  winter.  All  these  changes  are  associated  with  identifiable  physical 
mechanisms. 

2. 1 1  Warmer  temperatures  wil!  lead  to  a  mere  vigorous  hydrological  cycle;  this  translates  into 
prospects  for  more  severe  droughts  and/or  floods  in  some  places  and  less  severe  droughts  and'or 
floods  in  other  places.  Several  models  indicate  an  increase  in  precipitation  intensity,  suggesting 
a  possibility  for  more  extreme  rainfall  events.  Knowledge  is  currently  insufficient  to  say  whether 
there  will  be  any  changes  in  the  occurrence  or  geographical  distribudon  of  severe  storms,  e.g., 
tropical  cyclones. 

2. 1 2  There  are  many  uncertainties  and  many  factors  currently  limit  our  ability  to  project  and 
detect  future  climate  change.  Future  unexpected,  large  and  rapid  climate  system  changes  (as  have 
occurred  in  the  past)  are,  by  their  nature  difficult  to  predict.  This  implies  that  future  climate 
changes  may  also  involve  "surprises".  In  particular,  these  arise  from  the  non-linear  nature  of  the 
climate  system.  When  rapidly  forced,  non-linear  systems  are  especially  subject  to  unexpected 
behaviour.  Progress  can  be  made  by  investigating  non-linear  processes  and  sub-components  of 
the  climatic  system.  Examples  of  such  non-linear  behaviour  include  rapid  circulation  changes 
in  the  North  Atlantic  and  feedbacks  associated  with  terrestrial  ecosystem  changes. 

3.  SENSITIVITY  AND  .ADAPTATION  OF  SYSTEMS  TO  CLIMATE  CHANGE 

3.1  This  section  provides  scientific  and  technical  information  that  can  be  used,  inter  alia, 

in   evaluating   whether  the   projected   range  of  plausible   impacts  constitutes   "dangerous 
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anthropogenic  interference  with  the  climate  system",  as  referred  to  in  Article  2,  and  in  evaluating 
adaptation  options.  However,  it  is  not  yet  possible  to  link  particular  impacts  with  specific 
atmospheric  concentrations  of  greenhouse  gases. 

3.2  Human  health,  terrestrial  and  aquatic  ecological  systems,  and  socioeconomic  systems 
(e.g.,  agriculture,  forestry,  fisheries,  and  water  resources)  are  all  vital  to  human  development  and 
well-being  and  are  all  sensitive  to  both  the  magnitude  and  the  rate  of  climate  change.  Whereas 
many  regions  are  likely  to  experience  the  adverse  effects  of  climate  change  -  some  of  which  are 
potentially  irreversible  -  some  effects  of  climate  change  are  likely  to  be  beneficial.  Hence, 
different  segments  of  society  can  expect  to  confiont  a  variety  of  changes  and  the  need  to  adapt 
to  them. 

3.3  Human-induced  climate  change  represents  an  important  additional  stress,  partictilarly 
to  the  many  ecological  and  socioeconomic  systems  already  affected  by  pollution,  increasing 
resource  demands,  and  non-sustainable  management  practices.  The  vulnerability  of  human  health 
and  socioeconomic  systems  -  and,  to  a  lesser  extent,  ecological  systems  -  depends  upon  economic 
circumstances  and  institutional  infiastructure.  This  implies  that  systems  typically  are  more 
vulnerable  in  developing  covmtries  where  economic  and  institutional  circumstances  are  less 
favourable. 

3 .4  Although  our  knowledge  has  increased  significantly  during  the  last  decade  and  qualitative 
estimates  Ccin  be  developed,  quantitative  projections  of  the  impacts  of  climate  change  on  any 
particular  system  at  any  particular  location  are  difficult  because  regional-scale  climate  change 
projections  are  uncertain;  our  current  understanding  of  many  critical  processes  is  limited;  systems 
are  subject  to  multiple  climatic  and  non-climatic  stresses,  the  interactions  of  which  are  not 
always  linear  or  additive;  and  very  few  studies  have  considered  dynamic  responses  to  steadily 
increasing  concentrations  of  greenhouse  gases  or  the  consequences  of  increases  beyond  a 
doubling  of  equivalent  atmospheric  COj  concentrations. 

3.5  Unambiguous  detection  of  climate-induced  changes  in  most  ecological  and  social  systems 
will  prove  extremely  difficult  in  the  coming  decades.  This  is  because  of  the  complexity  of  these 
systems,  their  many  non-linear  feedbacks,  and  their  sensitivity  to  a  large  number  of  climatic  and 
non-climatic  factors,  all  of  which  are  expected  to  continue  to  change  simultaneously.  As  fiiture 
climate  extends  beyond  the  boundaries  of  empirical  knowledge  (i.e.,  the  documented  impacts  of 
climate  variation  in  the  past),  it  becomes  more  likely  that  actual  outcomes  will  include  surprises 
and  unanticipated  r^id  changes. 

Sensitivity  of  Systems 

Terrestrial  and  Aquatic  Ecosystems 

3.6  Ecosystems  contain  the  Earth's  entire  reservoir  of  genetic  and  species  diversity  and 
provide  many  goods  and  services  including;  (i)  providing  food,  fibre,  medicines,  and  energy;  (ii) 
processing  and  storing  carbon  and  other  nutrients;  (iii)  assimilating  wastes,  purifying  water, 
regulating  water  runoff,  and  controlling  floods,  soil  degradation  and  beach  erosion;  and  (iv) 
providing  opportunities  for  recreation  and  tourism.  The  composition  and  geographic  distribution 
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of  many  ecosystems  (e.g.,  forests,  rangelands,  deserts,  mountain  systems,  lakes,  wetlands,  and 
oceans)  will  shift  as  individual  species  respond  to  changes  in  climate;  there  will  likely  be 
reductions  in  biological  diversity  and  in  the  goods  and  services  that  ecosystems  provide  society. 
Some  ecological  systems  may  not  reach  a  new  equilibrium  for  several  centuries  after  the  climate 
achieves  a  new  balance.  This  section  illustrates  the  impact  of  climate  change  on  a  number  of 
selected  ecological  systems. 

3.7  Forests:  Models  project  that  as  a  consequence  of  possible  changes  in  temperature  and 
water  availability  under  doubled  equivalent*  COj  equilibrium  conditions,  a  substantial  firaction 
(a  global  average  of  one-third,  varying  by  region  from  one-seventh  to  two-thirds)  of  the  existing 
forested  area  of  the  world  will  undergo  major  changes  in  broad  vegetation  types  -  with  the 
greatest  changes  occurring  in  high  latitudes  and  the  least  in  the  tropics.  Climate  change  is 
expected  to  occur  at  a  rapid  rate  relative  to  the  speed  at  which  forest  species  grow,  reproduce,  and 
reestablish  themselves.  Therefore,  the  species  composition  of  forests  is  likely  to  change;  entire 
forest  types  may  disappear,  while  new  assemblages  of  species  and  hence  new  ecosystems  may 
be  established.  Large  amounts  of  carbon  could  be  released  into  the  atmosphere  during  transitions 
from  one  forest  type  to  another  because  the  rate  at  which  carbon  can  be  lost  during  times  of  high 
forest  mortality  is  greater  than  the  rate  at  which  it  can  be  gained  through  growth  to  maturity. 

3.8  Deserts  and  desertification:  Deserts  are  likely  to  become  more  extreme  -  in  that,  with 
few  exceptions,  they  are  projected  to  become  hotter  but  not  significantly  wetter.  Temperature 
increases  could  be  a  threat  to  organisms  that  exist  near  their  heat  tolerance  limits.  Desertification 
-  land  degradation  in  arid,  semi-arid  and  dry  sub-humid  areas  resulting  from  various  factors, 
including  climatic  variations  and  human  activities  -  is  more  likely  to  become  irreversible  if  the 
environment  becomes  drier  and  the  soil  becomes  further  degraded  through  erosion  and 
compaction. 

3.9  Mountain  ecosystems:  The  altitudinal  distribution  of  vegetation  is  projected  to  shift  to 
higher  elevation;  some  species  with  climatic  ranges  limited  to  mountain  tops  could  become 
extinct  because  of  disappearance  of  habitat  or  reduced  migration  potential. 

3.10  Aquatic  and  coastal  ecosystems:  In  lakes  and  streams,  warming  would  have  the 
greatest  biological  effects  at  high  latitudes,  where  biological  productivity  would  increase,  and 
at  the  low-latitude  boundaries  of  cold-  and  cool  water  species  ranges,  where  extinctions  would 
be  greatest.  The  geographical  distribution  of  wetlands  is  likely  to  shift  with  changes  in 
temperature  and  precipitation.  Coastal  systems  are  economically  and  ecologically  important  and 
are  expected  to  vary  widely  in  their  response  to  changes  in  climate  and  sea  level.  Some  coasted 
ecosystems  are  particularly  at  risk,  including  saltwater  marshes,  mangrove  ecosystems,  coastal 
wedands,  sandy  beaches,  coral  reefs,  coral  atolls,  and  river  deltas.  Changes  in  these  ecosystems 
would  have  major  negative  effects  on  tourism,  freshwater  supplies,  fisheries,  and  biodiversity. 


'  See  paragraph  4.17  for  a  description  of  "equivalent  CO." 
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Hydrology  and  Water  Resources  Management 

3.11  Models  project  that  between  one-third  and  one-half  of  existing  mountain  glacier  mass 
could  disappear  over  the  next  hundred  years.  The  reduced  extent  of  glaciers  and  depth  of  snow 
cover  also  would  affect  the  seasonal  distribution  of  river  flow  and  water  supply  for  hydroelectric 
generation  and  agriculture.  Anticipated  hydrological  changes  and  reductions  in  the  areal  extent 
and  depth  of  permafiost  could  lead  to  large-scale  damage  to  infrastructure,  an  additional  flux  of 
carbon  dioxide  into  the  atmosphere,  and  changes  in  processes  that  contribute  to  the  flux  of 
methane  into  the  atmosphere. 

3.12  Climate  change  will  lead  to  an  intensification  of  the  global  hydrological  cycle  and  can 
have  major  impacts  on  regional  water  resources.  Changes  in  the  total  amount  of  precipitation  and 
in  its  frequency  and  intensity  directly  affect  the  magnitude  and  nming  of  runoff  and  the  intensity 
of  floods  and  droughts;  however,  at  present,  specific  regional  effects  are  uncertain.  Relatively 
small  changes  in  temperature  and  precipitation,  together  with  the  non-linear  effects  on 
evapotranspiration  and  soil  moisture,  can  result  in  relatively  large  changes  in  ninoff,  especially 
in  arid  and  semi-arid  regions.  The  quantity  and  quality  of  water  supplies  already  are  serious 
problems  today  in  many  regions,  including  some  low-lying  coastal  areas,  deltas,  and  small 
islands,  making  countries  in  these  regions  particularly  vulnerable  to  any  additional  reduction  in 
indigenous  water  supplies. 

Agriculture  and  Forestry 

3.13  Crop  yields  and  changes  in  productivity  due  to  climate  change  will  vary  considerably 
across  regions  and  among  localities,  thus  changing  the  patterns  of  production.  Productivity  is 
projected  to  increase  in  some  areas  and  decrease  in  othere,  especially  the  tropics  and  subtropics. 
Existing  studies  show  that  on  the  whole,  global  agricultural  production  could  be  maintained 
relative  to  baseline  production  in  the  face  of  climate  change  projected  under  doubled  equivalent 
CO2  equilibrium  conditions.  This  conclusion  takes  into  account  the  beneficial  effects  of  CO 
fertilization  but  does  not  allow  for  changes  in  agricultural  pests  and  the  possible  effects  of 
changing  climatic  variability.  However,  focusing  on  global  agricultural  production  does  not 
address  the  potentially  serious  consequences  of  large  differences  at  local  and  regional  scales, 
even  at  mid-latitudes.  There  may  be  increased  risk  of  hunger  and  famine  in  some  locations;  many 
of  the  world's  poorest  people  -  particularly  those  living  in  subtropical  and  tropical  areas  and 
dependent  on  isolaited  agricultural  systems  in  semi-arid  and  arid  regions  -  are  most  at  risk  of 
increased  hunger.  Global  wood  supplies  during  the  next  century  may  become  increasingly 
inadequate  to  meet  projected  consumption  due  to  both  climatic  and  non-climatic  factors. 

Human  Infrastructure 

3.14  Climate  change  clearly  will  increase  the  vulnerability  of  some  coastal  populations  to 
flooding  and  erosional  land  loss.  Estimates  put  about  46  million  people  per  year  currently  at  risk 
of  flooding  due  to  storm  surges.  In  the  absence  of  adaptation  measures,  and  not  taking  into 
account  anticipated  population  growth,  50-cm  sea-level  rise  would  increase  this  number  to  about 
92  million;  a  1-meter  sea-level  rise  would  raise  it  to  about  1 18  million.  Soidies  using  a  1-meter 
projection  show  a  particular  risk  for  small  islands  and  deltas.  This  increase  is  at  the  lop  range  of 


687 


LPCC  Working  Group  I  estimates  for  2100;  it  should  be  noted,  however,  that  sea  level  is  actually 
projected  to  continue  to  rise  in  future  centuries  beyond  2 1 00.  Estimated  land  losses  range  from 
0.05%  in  Uruguay,  1.0%  for  Egypt,  6%  for  the  Nethedands,  and  17.5%  for  Bangladesh  to  about 
80%  for  the  Majuro  Atoll  in  the  Marshall  Islands,  given  the  present  state  of  protection  systems. 
Some  small  island  nations  and  other  countries  will  confront  greater  vuhierability  because  their 
existing  sea  and  coastal  defense  systems  are  less  well-established.  Countries  with  higher 
population  densities  would  be  more  vulnerable.  Storm-surges  and  flooding  could  threaten  entire 
cultures.  For  these  countries,  sea-level  rise  could  force  internal  or  international  migration  of 
popiilations. 

Human  Health 

3.15  Climate  change  is  likely  to  have  wide-ranging  and  mostly  adverse  impacts  on  human 
health,  with  significant  loss  of  life.  Direct  health  effects  include  increases  in  (predominantly 
cardio-respiratory)  mortality  and  illness  due  to  an  anticipated  increase  in  the  intensity  and 
duration  of  heat  waves.  Temperature  increases  in  colder  regions  should  result  in  fewer  cold- 
related  deaths.  Indirect  effects  of  climate  change,  wbJch  are  expected  to  predominate,  include 
increases  in  the  potential  transmission  of  vector-bome  infectious  diseases  (e.g.,  malaria,  dengue, 
yellow  fever,  and  some  viral  encephalitis)  resulting  from  extensions  of  the  geographical  range 
and  season  for  vector  organisms.  Models  (that  entail  necessary  simplifying  assumptions)  project 
that  temperature  increases  of  3-5°  C  (compared  to  the  IPCC  projection  of  1-3.5°  C  by  2100) 
could  lead  to  potential  increases  in  malaria  incidence  (of  the  order  of  50-80  million  additional 
annual  cases,  relative  to  an  assumed  global  background  total  of  500  million  cases),  primarily  in 
tropical,  subtropical,  and  less  well-protected  temperate-zone  populations.  Some  increases  in  non- 
vector-bome  infectious  diseases  -  such  as  salmonellosis,  cholera,  and  giardiasis  -  also  could  occur 
as  a  resiJt  of  elevated  temperatures  and  increased  flooding.  Limitations  on  freshwater  supplies 
and  on  nutritious  food,  as  well  as  the  aggravation  of  air  pollution,  will  also  have  human  health 
consequences. 

3.16  Quantifying  the  projected  impacts  is  difficult  because  the  extent  of  climate-induced 
health  disorders  depends  on  numerous  coexistent  and  interacting  factors  that  characterize  the 
vulnerability  of  the  particular  population,  including  environmental  and  socioeconomic 
circumstances,  nutritional  and  immune  status,  population  density,  and  access  to  quality  health 
care  services.  Hence,  populations  with  different  levels  of  natural,  technical,  and  social  resources 
would  differ  in  their  vulnerability  to  climate-induced  health  impacts. 

Technology  and  Policy  Options  for  Adaptation 

3.17  Technological  advances  generally  have  increased  adaptation  options  for  managed 
systems.  Adaptation  options  for  freshwater  resources  include  more  efficient  management  of 
existing  supplies  and  infrastructure;  institutional  arrangements  to  limit  funire  demands/promote 
conservation;  improved  monitoring  and  forecasting  systems  for  floods/droughts;  rehabilitation 
of  watersheds,  especially  in  the  tropics;  and  construction  of  new  reservoir  capacity.  Adaptation 
options  for  agriculture  -  such  as  changes  in  types  and  varieties  of  crops,  improved  water- 
management  and  irrigation  systems,  and  changes  in  planting  schedules  and  tillage  practices  -  will 
be  important  in  limiting  negative  effects  and  taking  advantage  of  beneficial  changes  in  climate. 
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Effective  coastal-zone  management  and  land-use  planning  can  help  direct  population  shifts  away 
from  vulnerable  locations  such  as  flood  plains,  steep  hillsides,  and  low-lying  coastlines.  Adaptive 
options  to  reduce  health  impacts  include  protective  technology  (e.g.,  housing,  air  conditioning, 
water  purification,  and  vaccination),  disaster  preparedness,  and  appropriate  health  care. 

3.18  However,  many  regions  of  the  world  currently  have  limited  access  to  these  technologies 
and  appropriate  information.  For  some  island  nations,  the  high  cost  of  providing  adequate 
protection  would  make  it  essentially  infeasible,  especially  given  the  limited  availability  of  capital 
for  investment  The  efBcacy  and  cost-effective  use  of  adaptation  strategies  wiU  depend  upon  the 
availability  of  financial  resources,  technology  transfer,  and  cultural,  educational,  managerial, 
institutional,  legal,  and  regtilatory  practices,  both  domestic  and  international  in  scope. 
Incorporating  climate-change  concerns  into  resource-use  and  development  decisions  and  plans 
for  regularly  scheduled  investments  in  infrastructure  will  facilitate  adaptation. 

4.         ANALYTICAL    APPROACH   TO    STABILIZATION    OF   ATMOSPHERIC 
CONCENTRATIONS  OF  GREENHOUSE  GASES 

4.1  Article  2  of  the  UN  Framework  Convention  on  Climate  Change  refers  explicitly  to 
"stabilization  of  greenhouse  gas  concentrations".  This  section  provides  information  on  the 
relative  importance  of  various  greenhouse  gases  to  climate  forcing  and  discusses  how  greenhouse 
gas  emissions  might  be  varied  to  achieve  stabilization  at  selected  atmospheric  concentration 
levels. 

4.2  Carbon  dioxide,  methane  and  nitrous  oxide  have  natural  as  well  as  anthropogenic  origins. 
The  anthropogenic  emissions  of  these  gases  have  contributed  about  80%  of  the  additional  climate 
forcing  due  to  greenhouse  gases  since  pre-industrial  times  (i.e.  since  about  1750  A.D).  The 
contribution  of  CO2  is  about  60%  of  this  forcing,  about  four  times  that  from  CH4. 

4.3  Other  greenhouse  gases  include  tropospheric  ozone  (whose  chemical  precursors  include 
nitrogen  oxides,  non-methane  hydrocarbons  and  carbon  monoxide),  halocarbons'  (including 
HCFCs  and  HFCs)  and  SF4.  Tropospheric  aerosols  and  tropospheric  ozone  are  inhomogeneously 
distributed  in  time  and  space  and  their  atmospheric  lifetimes  are  short  (days  to  weeks).  Sulphate 
aerosols  are  amenable  to  abatement  measures  and  such  measures  are  presimied  in  the  IPCC 
scenarios. 

4.4  Most  emission  scenarios  indicate  that,  in  the  absence  of  mitigation  policies,  greenhouse 
gas  emissions  will  continue  to  rise  during  the  next  century  and  lead  to  greenhouse  gas 
concentrations  that  by  the  year  2100  are  projected  to  change  climate  more  than  that  projected  for 
twice  the  pre-industrial  concentrations  of  carbon  dioxide. 


Most  halocarbons,  but  neither  HFCs  nor  PFCs,  are  controlled  by  the  Montreal  Protocol  and  its 
Adjustments  and  Amendments. 
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Stabilization  of  Greenhouse  Gases 


4.5  All  relevant  greenhouse  gases  need  to  be  considered  in  addressing  stabilisation  of 
greenhouse  gas  concentrations.  First  carbon  dioxide  is  considered  which,  because  of  its 
importance  and  complicated  behaviour,  needs  more  detailed  consideration  than  the  other 
greenhouse  gases. 

Carbon  dioxide 

4.6  Carbon  dioxide  is  removed  from  the  atmosphere  by  a  number  of  processes  that  operate 
on  different  timescales.  It  has  a  relatively  long  residence  time  in  the  climate  system  -  of  the  order 
of  a  century  or  more.  If  net  global  anthropogenic  emissions'"  (i.e.  anthropogenic  sources  minus 
anthropogenic  sinks)  were  maintained  at  current  levels  (about  7  GtC/yr  including  emissions  from 
fossil  fuel  combustion,  cement  production  and  land-use  change),  they  would  lead  to  a  nearly 
constant  rate  of  increase  in  atmospheric  concentrations  for  at  least  two  centuries,  reaching  about 
500  ppmv  (approaching  twice  the  pre-industrial  concentration  of  280  ppmv)  by  the  end  of  the 
21st  century.  Carbon  cycle  models  show  that  immediate  stabilisation  of  the  concentration  of 
carbon  dioxide  at  its  present  level  could  only  be  achieved  through  an  immediate  reduction  in  its 
emissions  of  50-70%  and  further  reductions  thereafter. 

4.7  Carbon  cycle  models  have  been  used  to  estimate  profiles  of  carbon  dioxide  emissions  for 
stabilization  at  various  carbon  dioxide  concentration  levels.  Such  profiles  have  been  generated 
for  an  illustrative  set  of  levels:  450,  550,  650,  750  and  1000  ppmv.  Among  the  many  possible 
pathways  to  reach  stabilization,  two  are  illustrated  in  Figure  1  for  each  of  the  stabilization  levels 
of  450,  550,  650  and  750  ppmv,  and  one  for  1000  ppmv.  The  steeper  the  increase  in  the 
emissions  (hence  concentration)  in  these  scenarios,  the  more  quickly  is  the  climate  projected  to 
change. 

4.8  Any  eventual  stabilised  concentration  is  govemed  more  by  the  accumulated 
anthropogenic  carbon  dioxide  emissions  from  now  until  the  time  of  stabilisation,  than  by  the  way 
those  emissions  change  over  the  period.  This  means  that,  for  a  given  stabilised  concentration 
value,  higher  emissions  in  early  decades  require  lower  emissions  later  on.  Cumulative  emissions 
from  1 99 1  to  2 1 00  corresponding  to  these  stabilization  levels  are  shown  in  Table  1 ,  together  with 
the  cumulative  emissions  of  carbon  dioxide  for  all  of  the  IPCC  IS92  emission  scenarios  (see 
Figure  2  below  and  Table  SPM-1  in  the  Summary  for  Policymakers  of  IPCC  Working  Group  U 
for  details  of  these  scenarios). 

4.9  Figure  1  and  Table  1  are  presented  to  clarify  some  of  the  constraints  that  would  be 
imposed  on  fiiture  carbon  dioxide  emissions,  if  stabilization  at  the  concentration  levels  illustrated 
were  to  be  achieved.  These  examples  do  not  represent  any  form  of  recommendation  about  how 
such  stabilization  levels  might  be  achieved  or  the  level  of  stabilization  which  might  be  chosen. 


For  the  remainder  of  Section  4.  'net  global  anthropogenic  emissions"  (i.e.  anthropogenic  sources  minus 
anthropogenic  sinks)  will  be  abbreviated  to  "emissions'. 
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Figure  I  (a)  Carbon  dioxide  conceniration  profiles  leading 
to  stabilisation  at  450,  550,  650  and  750  pprav  following  the 
pathways  defined  in  IPCC  (1994)  (solid  curves)  and  for  pathways 
that  allow  emissions  to  follow  IS92a  until  at  least  the  year  2000 
(dashed  curves).  A  smgie  profile  that  stabilises  at  a  carbon 
dioxide  concentration  of  1000  ppmv  and  follows  [S92a  emissions 
until  at  least  the  year  2000  has  also  been  defined.  Stabilisation  at 
concentrations  of  450,  650  and  1000  ppmv  would  lead  to 
equilibrium  temperature  increases  relative  to  1990"  due  to  carbon 
dioxide  alone  (Le.  not  including  effects  of  other  GHGs  and 
aerosols)  of  about  1°C  (range:  0.5  to  1.5°C);  2°C  (range:  1.5  to 
4°C)  and  3  J  °C  (range:  2  to  7°Q  respectively.  A  doubling  of  the 
pre-incfaistrial  carbon  dioxide  concentranoa  of  280  ppmv  would 
lead  to  a  concentration  of  560  ppmv  and  doubling  of  the  current 
concentration  of  358  ppmv  would  lead  to  a  concentration  of  about 
720  pprav. 


Figure  1  (b)  Carbon  dioxide  emissions  leading  to 
stabilisation  at  concentrations  of  450,  550,  650,  750  and  1000 
ppmv  following  the  profiles  shown  in  (a)  fi-om  a  mid-range 
carbon  cycle  model.  Results  from  other  models  could  differ  from 
those  presented  here  by  up  to  approximately  ±15%.  For 
comparison  the  carbon  dioxide  imissions  for  IS92a  and  current 
emissions  (fme  solid  line)  are  also  shown. 
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Figure  2  Annual  anthropogenic  carbon  dioxide  emissions 

■S"^     under  the  IS92  emission  scenarios  (see  Table  SPM- 1  in  the  Summary 

for  Policymakers  of  IPCC  Working  Group  tl  for  fiirther  details), 
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These  numbers  do  not  take  into  account  the  increase  in  temperarjre  (0. 1  to  0.7  °C)  which  would 
occur  after  1990  because  of  CO;  emissions  prior  to  1990. 
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Table  1  Total  anthropogenic  carbon  dioxide  emissions  accumulated  from  1991  to  2100 
inclusive  (GtC)  for  the  IS92  scenarios  (sec  Table  SPM-1  in  the  Summary  for  Policymakers  of 
IPCC  Working  Group  II)  and  for  stabilisation  at  various  levels  of  carbon  dioxide  concentration 
following  the  two  sets  of  pathways  shown  in  Figure  1  (a).  The  accumulated  emissions  leading 
to  stabilisation  of  carbon  dioxide  concentration  were  calculated  using  a  mid-range  carbon  cycle 
model.  Results  from  other  models  could  be  up  to  approximately  1 5%  higher  or  lower  than  those 
presented  here. 
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For  comparison,  emissions  during  the  period  1 860  to  1 994  amounted  to  about  360  GtC,  of  which  about 
240  GtC  were  due  to  fossil  fuel  use  and  1 20  GtC  due  to  deforestation  and  land-use  change. 
As  in  [PCC  (1994)  -  see  figure  1  (a)  (solid  curves). 

Profiles  that  allow  emissions  to  follow  IS92a  until  al  least  the  year  2000  -  see  figure  I  (a)  (dashed  curves). 

Concentrations  will  not  stabilise  by  2 1 00. 
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4.10  Given  cumulalive  emissions,  and  IPCC  IS92a  population  and  economic  scenarios  for  1990- 
2100,  global  annual  average  carbon  dioxide  emissions  can  be  derived  for  the  stabilizadon  scenarios 
on  a  per  capita  or  per  unit  of  economic  activity  basis.  If  the  atmospheric  concentration  is  to  remain 
below  550  ppmv,  the  future  global  annual  average  emissions  cannot,  during  the  next  century,  exceed 
the  current  global  average  and  would  have  to  be  much  lower  before  and  beyond  the  end  of  the  next 
century.  Global  aimual  average  emissions  could  be  higher  for  stabilizlation  levels  of  750  to  1000 
ppmv.  Nevertheless,  even  to  achieve  these  latter  stabilization  levels,  the  global  aimual  average 
emissions  would  need  to  be  less  than  50%  above  current  levels  on  a  per  capita  basis  or  less  than  half 
of  current  levels  per  unit  of  economic  activity'-. 

4. 1 1 "  The  global  average  annual  per  capita  emissions  of  carbon  dioxide  due  to  the  combustion  of 
fossil  fuels  is  at  present  about  1 . 1  tormes  (as  carbon).  In  addition,  a  net  of  about  0.2  tonnes  per 
capita  are  emitted  from  deforestation  and  land-use  change.  The  average  annual  fossil  fuel  per  capita 
emission  in  developed  and  transitioiial  economy  countries  is  about  2.8  tormes  and  ranges  from  1.5 
to  5.5  toimes.  The  figiu-e  for  the  developing  countries  is  0.5  tormes  ranging  from  0.1  tonnes  to,  in 
some  few  cases,  above  2.0  toimes  (all  figures  are  for  1990). 

4.12'''  Using  World  Bank  estimates  of  GDP  (gross  domestic  product)  at  market  exchange  rates,  the 
current  global  aimual  average  emission  of  energy-related  carbon  dioxide  is  about  0.3  tormes  per 
thousand  1990  US  dollars  output.  In  addition,  global  net  emissions  from  land  use  changes  are  about 
0.05  tonnes  per  thousand  US  dollars  of  output.  The  current  average  aimual  energy-related  emissions 
per  thousand  1 990  US  dollars  output,  evaluated  at  market  exchange  rates,  is  about  0.27  tonnes  in 
developed  and  transitional  economy  countries  and  about  0.4 1  tormes  in  developing  countries. 
Using  World  Bank  estimates  of  GDP  at  purchasing  power  parity  exchange  rates,  the  average  annual 
energy-related  emissions  per  thousand  1 990  US  dollars  output  is  about  0.26  tonnes  in  developed 
and  transitional  economy  countries  and  about  0. 16  tonnes  in  developing  countries." 

Methane 

4. 1 3  Atmospheric  methane  concentrations  adjust  to  changes  in  anthropogenic  emissions  over  a 
period  of  9  to  1 5  years.  If  the  annual  methane  emissions  were  immediately  reduced  by  about  30 
Tg  CH4  (about  8%  of  current  anthropogenic  emissions)  methane  concentrations  would  remain  at 
today's  levels.  If  methane  emissions  were  to  remain  constant  at  their  current  levels,  its 
concentration  (1720  ppbv  in  1994)  would  rise  to  about  1820  ppbv  over  the  next  40  years. 


'^  China  registered  its  disagreetnent  on  the  use  of  carbon  dioxide  emissions  derived  on  the  basis  of 

a  per  unit  of  economic  activity. 

'^  The  Panel  agreed  that  this  paragraph  shall  not  prejudge  the  current  negotiations  under  the 

UhfFCCC. 

'''  The  Panel  agreed  that  this  paragraph  shall  not  prejudge  the  current  negotiations  under  the 

UNFCCC. 

"  These  calculations  of  emissions  per  unit  of  economic  activity  do  not  include  emissions  from  land 

use  changes  or  adjustments  to  reflect  the  informal  economy 
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Nitrous  oxide 


4.14  Nitrous  oxide  has  a  long  lifetime  (about  120  years)  In  order  for  the  concentration  to  be 
stabilized  near  current  levels  (3 12  ppbv  in  1994),  anthropogenic  sources  would  need  to  be  reduced 
immediately  by  more  than  50%.  If  emissions  of  nitrous  oxide  were  held  constant  at  current  levels, 
its  concentration  would  rise  to  about  400  ppbv  over  several  hundred  years,  which  would  increase 
its  incremental  radiative  forcing  by  a  factor  of  four  over  its  current  level. 

Further  points  on  stabilization 

4. 1 5  Stabilization  of  the  concentrations  of  very  long-lived  gases,  such  as  SF,  or  perfluorocarbons, 
can  only  be  achieved  effectively  by  stopping  emissions. 

4. 16  The  importance  of  the  contribution  of  COj  to  climate  forcing,  relative  to  that  of  the  other 
greenhouse  gases,  increases  with  time  in  all  of  the  IS92  emission  scenarios  (a  to  f).  For  example, 
in  the  IS92a  scenario,  the  CO2  contribution  increases  from  the  present  60%  to  about  75%  by  the  year 
2100.  During  the  same  period,  methane  and  nitrous  oxide  forcings  increase  in  absolute  terms  by  a 
factor  that  ranges  between  two  and  three. 

4. 1 7  The  combined  effect  of  all  greenhouse  gases  in  producing  radiative  forcing  is  often 
expressed  in  terms  of  the  equivalent  concentration  of  carbon  dioxide  which  would  produce  the  same 
forcing.  Because  of  the  effects  of  the  other  greenhouse  gases,  stabilisation  at  some  level  of 
equivalent  carbon  dioxide  concentration  implies  maintaining  carbon  dioxide  concentration  at  a 
lower  level. 

4.18  The  stabilization  of  greenhouse  gas  concentrations  does  not  imply  that  there  will  be  no 
further  climate  change.  After  stabilization  is  achieved,  global  mean  surface  temperature  would 
continue  to  rise  for  some  centuries  and  sea  level  for  many  cenmries. 

5.         TECHNOLOGY  AND  POLICY  OPTIONS  FOR  MTTIGATION 

5.1  The  IPCC  Second  Assessment  Report  (1995)  examines  a  wide  range  of  approaches  to 
reduce  emissions  and  enhance  sinks  of  greenhouse  gases.  This  section  provides  technical 
information  on  options  that  could  be  used  to  reduce  anthropogenic  emissions  and  enhance  sinks 
of  the  principal  greenhouse  gases  with  a  view  to  stabilizing  their  atmospheric  concentrations; 
however,  this  analysis  does  not  attempt  to  quantify  potential  macroeconomic  consequences  that  may 
be  associated  with  mitigation. 

5.2  Significant  reductions  in  net  greenhouse  gas  emissions  are  technically  possible  and  can  be 
economically  feasible.  These  reductions  can  be  achieved  by  utilizing  an  extensive  array  of 
technologies  and  policy  measures  that  accelerate  technology  development,  diffusion,  and  transfer 
in  all  sectors,  including  the  energy,  industry,  transportation,  residential/commercial  and 
agricultural/forestry  sectors. 
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5.3  The  degree  to  which  technical  potential  and  cost-effectiveness  are  realized  is  dependent  on 
initiatives  to  counter  lack  of  information  and  overcome  cultural,  institutional,  legal,  financial  and 
economic  barriers  which  can  hinder  diffusion  of  technology  or  behavioural  changes. 

5.4  By  the  year  2100,  the  world's  commercial  energy  system  in  effect  will  be  replaced  at  least 
tvnce,  offering  opportunities  to  change  the  energy  system  without  premature  retirement  of  capital 
stock;  significant  amounts  of  capital  stock  in  the  industrial,  commercial,  residential,  and 
agrictiltural/forestry  sectors  will  also  be  replaced.  These  cycles  of  capital  replacement  provide 
opportimities  to  utilize  new,  better  performing  technologies. 

Energy  Demand 

5.5  The  IPCC  projects  (IPCC  1992;  IPCC  1994)  that  without  policy  intervention,  there  could 
be  significant  growth  in  emissions  from  the  industrial,  transportation,  and  commercial/residential 
buildings  sectors.  Numerous  studies  have  indicated  that  10-30%  energy  efficiency  gains  above 
present  levels  are  feasible  at  negative'*  to  zero  cost  in  each  of  the  sectors  in  many  parts  of  the  world 
through  technical  conservation  measures  and  improved  management  practices  over  the  next  2  to  3 
decades.  Using  technologies  that  presently  yield  the  highest  output  of  energy  services  for  a  given 
input  of  energy,  efficiency  gains  of  50-60%  would  be  technically  feasible  in  many  countries  over 
the  same  time  period.  Achieving  these  potentials  will  depend  on  future  cost  reductions,  the  rate  of 
development  and  implementation  of  new  technologies,  fmancing  and  technology  transfer,  as  well 
as  measures  to  overcome  a  variety  of  non-technical  barriers.  Because  energy  use  is  growing  world- 
wide, ey«n  replacing  current  technology  with  more-efficient  technology  could  still  lead  to  an 
absolute  increase  in  greenhouse  gas  emissions  in  the  future.  Technologies  and  measures  to  reduce 
greenhouse  gas  emissions  in  energy  end-use  sectors  include: 

•  Industry:  improving  efficiency;  recycling  materials  and  switching  to  those  with  lower 
greenhouse  gas  emissions;  and  developing  processes  that  use  less  energy  and  materials. 

•  Transportation:  the  use  of  very  efficient  vehicle  drive-trains,  light-weight  construction  and 
low-air-resistance  design;  the  use  of  smaller  vehicles;  altered  land-use  patterns,  transport 
systems,  mobility  patterns  and  lifestyles;  and  shifting  to  less  energy-intensive  transport 
modes;  and  the  use  of  alternative  fuels  and  electricity  from  renewable  and  other  fuel  sources 
which  do  not  enhance  atmospheric  greenhouse  gas  concentrations. 

•  Commercial/residential:  reduced  heat  transfers  through  building  structures  and  more- 
efiBcient  space-conditioning  and  water  supply  systems,  lighting,  and  appliances. 

Energy  Supply 

5.6  It  is  technically  possible  to  realize  deep  emissions  reductions  in  the  energy  supply  sector 
within  50  to  1 00  years  using  alternative  strategies,  in  step  with  the  normal  timing  of  investments 
to  replace  infrastructure  and  equipment  as  it  wears  out  or  becomes  obsolete.  Promising  approaches, 
not  ordered  according  to  priority,  include: 
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a.  Greenhouse  gas  reductions  in  the  use  of  fossil  fuels 

•  More-efi5cient  conversion  of  fossil  fuels  (e.g.,  combined  heat  and  power  production  and 
more  efficient  generation  of  electricity); 

♦  Switching  to  low-carbon  fossil  fuels  and  suppressing  emissions  (switching  from  coal  to 
oil  or  natural  gas,  and  from  oil  to  natural  gas); 

•  Decarbonization  of  flue  gases  and  fuels  and  carbon  dioxide  storage  (e.g.,  removal  and 
storage  of  COj  from  the  use  of  fossil  fuel  feedstocks  to  make  h>drogen-rich  fuels); 

*  Reducing  fugitive  emissions,  especially  of  methane,  in  fuel  extraction  and  distribution. 

b.  Switching  to  non-fossil  fuel  sources  of  energy 

*  Switching  to  nuclear  energy  (if  generally  acceptable  responses  can  be  found  to  concerns 
such  as  about  reactor  safety,  radioactive-waste  transport  and  disposal,  and  nuclear 
proliferation); 

*  Switching  to  renewable  sources  of  energy  (e.g.,  solar,  biomass,  wind,  hydro,  and 
geothermal). 

Integration  of  Energy  System  Mitigation  Options 

5.7  The  potential  for  greenhouse  gas  emission  reductions  exceeds  the  potential  for  energy  i:se 
efficiency  because  of  the  possibility  of  switching  fuels  and  energy  sources,  and  reducing  the 
demand  for  energy  services.  Even  greater  energy  efBciency,  and  hence  reduced  greenhouse  gas 
emissions,  could  be  attained  with  comprehensive  energy  source-to-service  chains. 

5.8  To  assess  the  potential  impact  of  combinations  of  individual  measures  at  the  energy 
systems  level,  "thought  experiments"  exploring  variants  of  a  low-CO,  emitting  energy  supply 
system  were  described.  These  variants  illustrate  the  technical  possibility  of  deep  reductions  in 
CO2  emissions  from  the  energy  supply  system  within  50  to  100  years  using  alternative  strategies. 
These  exercises  indicate  the  technical  possibility  of  reducing  annual  global  emissions  from  6  GtC 
in  1990  to  about  4  GtC  in  2050  and  to  about  2  GtC  by  2100.  Cumulative  COj  emissions  from 
1990  to  2100  would  range  from  about  450  GtC  to  about  470  GtC  in  these  constructions,  thus 
keeping  atmospheric  concentrations  below  500  ppmv. 

5.9  Costs  for  integrated  energy  services  relative  to  costs  for  conventional  energy  depend  on 
relative  future  energy  prices,  which  are  uncertain  within  a  wide  range,  and  on  the  performance 
and  cost  characteristics  assumed  for  alternative  technologies.  However,  within  the  wide  range 
of  future  energy  prices,  one  or  more  of  the  variants  would  plausibly  be  capable  of  providing  the 
demanded  energy  services  at  estimated  costs  that  are  approximately  the  same  as  estimated  future 
costs  for  current  conventional  energy.  It  is  not  possible  to  identify  a  least-cost  future  energy 
system  for  the  longer  term,  as  the  relative  costs  of  options  depend  on  resource  constraints  and 
technological  opportunities  that  are  imperfectly  known,  and  on  actions  by  governments  and  the 
private  sector.  Improving  energy  efficiency,  and  a  strong  and  sustained  investment  in  research, 
development,  and  demonstration  to  encourage  transfer  and  diffusion  of  alternative  energy  supply 
technologies  and  improvements  in  energy  efficiency  is  critical  to  deep  reductions  in  greenhouse 
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gas  emissions.  Many  of  the  technologies  being  developed  would  need  initial  support  to  enter  the 
market,  and  to  reach  sufficient  volume  to  lower  costs  to  become  competitive. 

5.10  Market  penetration  and  continued  acceptability  of  different  energy  teclmologies 
ultimately  depends  on  their  relative  cost,  performance  (including  environmental  performance), 
institutional  arrangements,  and  regulations  and  policies.  Because  costs  vary  by  location  and 
application,  the  wide  variety  of  circumstances  creates  initial  opportunities  for  new  technologies 
to  enter  the  market.  Deeper  understanding  of  the  opportunities  for  emissions  reductions  would 
require  more  detailed  analysis  of  options,  taking  into  accoimt  local  conditions. 

Industrial  Process  and  Human  Settlement  Emissions 

5.11  Large  reductions  are  possible  in  some  cases  tn  process-related  greenhouse  gases  including 
COj,  CH4,  N2O,  halocarbons  and  SF4,  released  during  manufacturing  and  industrial  processes, 
such  as  production  of  iron,  steel,  alvmiinum,  ammonia,  cement  and  other  materials.  Measures 
include  modifying  production  processes,  eliminating  solvents,  replacing  feedstocks,  materials 
substitution,  increased  recycling,  and  reduced  consumption  of  greenhouse  gas-intensive 
materials.  Capturing  and  utilizing  methane  from  landfills  and  sewage  treatment  facilities,  and 
lowering  the  leakage  rate  of  halocarbon  refrigerants  from  mobile  and  stationary  sources  also  can 
lead  to  significant  greenhouse  gas  emission  reductions. 

Agriculture,  Rangelands,  and  Forestry 

5.12  Beyond  the  use  of  biomass  fuels  to  displace  fossil  fiiels,  the  management  of  forests, 
agricultural  lands,  and  rangelands  can  play  an  important  role  in  reducing  current  emissions  of 
carbon  dioxide,  methane,  and  nitrous  oxide  and  enhancing  carbon  sinks.  A  number  of  measures 
could  conserve  and  sequester  substantial  amounts  of  carbon  (approximately  60-90  GtC  in  the 
forestry  sector  alone)  over  the  next  50  years.  In  the  forestry  sector,  measures  include  sustaining 
existing  forest  cover;  slowing  deforestation;  natural  forest  regeneration;  establishment  of  tree 
plantations;  promoting  agroforestry.  Other  practices  in  the  agriculture  sector  could  reduce 
emissions  of  other  greenhouse  gases  such  as  methane  and  nitrous  oxide.  In  the  forestry  sector, 
costs  for  conserving  and  sequestering  carbon  in  biomass  and  soil  are  estimated  to  range  widely 
but  can  be  competitive  with  other  mitigation  options. 

Policy  Instruments 

5.13  The  availability  of  low  carbon  technologies  is  a  prerequisite  for,  but  not  a  gtiarantee  of, 
the  abiUty  to  reduce  greenhouse  gas  emissions  at  reasonable  cost.  Mitigation  of  emissioi:s 
depends  on  reducing  barriers  to  the  diffusion  and  transfer  of  technology,  mobilizing  financial 
resources,  supporting  capacity  building  in  developing  countries  and  countries  with  economies 
in  transition,  and  other  approaches  to  assist  in  the  implementation  of  behavioural  changes  and 
technological  oppommities  in  all  regions  of  the  globe.  The  optimum  mix  of  policies  will  vary 
from  country  to  country,  depending  upon  their  energy  markets,  economic  considerations, 
political  structure  and  societal  receptiveness.  The  leadership  of  national  governments  in  applying 
these  policies  will  contribute  to  responding  to  the  adverse  consequences  of  climate  change. 
Policies  to  reduce  net  greenhouse  gas  emissions  appear  more  easily  implemented  when  they  are 
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designed  to  also  address  other  concerns  that  impede  sustainable  development  (e.g.,  air  pollution, 
soil  erosion).  A  number  of  policies,  many  of  which  might  be  used  by  individual  nations 
unilaterally,  and  some  of  which  may  be  used  by  groups  of  countries  and  would  require  regional 
or  international  agreement,  can  facilitate  the  penetration  of  less  greenhouse  gas-intensive 
technologies  and  modified  consumpdon  patterns.  These  include,  inter  alia  (not  ordered  according 
to  priority): 


Putting  in  place  appropriate  institutional  and  structural  frameworks; 
Energy  pricing  strategies  -  for  example,  carbon  or  energy  taxes,  and  reduced  energy 
subsidies; 

Phasing  out  those  existing  distortionary  policies  which  increase  greenhouse  gas 
emissions,  such  as  some  subsidies  and  regulations,  non-interaalizalion  of  environmental 
costs,  and  distortions  in  agriculture  and  transport  pricing; 
Tradable  emissions  permits; 

Voluntary  programs  and  negotiated  agreements  with  industry; 
Utility  demand-side  management  programs; 

Regulatory  programs  including  minimum  energy-efficiency  standards,  such  as  for 
appliances  and  fuel  economy; 

Stimulating  research,  development  and  demonstration  to  make  new  technologies 
available; 

Market  pull  and  demonstration  programs  that  stimulate  the  development  and  application 
of  advanced  technologies; 

Renewable  energy  incentives  during  market  build-up; 

'Incentives  such  as  provisions  for  accelerated  depreciation  and  reduced  costs  for 
consumers; 

Education  and  training;  information  and  advisory  measures; 
Options  that  also  support  other  economic  and  environmental  goals. 

5.14  The  choice  of  measures  at  the  domestic  level  may  reflect  objectives  other  than  cost- 
effectiveness  such  as  meeting  fiscal  targets.  If  a  carbon  or  carbon-energy  tax  is  used  as  a  policy 
instrument  for  reducing  emissions,  the  taxes  could  raise  substantial  revenues  and  how  the 
revenues  are  distributed  could  dramatically  affect  the  cost  of  mitigation.  If  the  revenues  are 
distributed  by  reducing  distortionary  taxes  in  the  existing  system,  they  will  help  reduce  the 
excess  burden  of  the  existing  tax  system,  potentially  yielding  an  additional  economic  benefit 
(double  dividend).  For  example,  those  of  the  European  studies  which  are  more  optimistic 
regarding  the  potential  for  tax  recycling,  show  lower  and,  in  some  instances,  slightiy  negative 
costs.  Conversely,  ineflScient  recycling  of  the  tax  revenues  could  increase  costs.  For  example, 
if  the  tax  revenues  are  used  to  finance  government  programs  that  yield  a  lower  return  than  the 
private  sector  investments  foregone  because  of  the  tax,  then  overall  costs  will  increase.  The 
choice  of  instruments  may  also  reflect  other  environmental  objectives  such  as  reducing  non- 
greenhouse  pollution  emissions  or  increasing  forest  cover  or  other  concerns  such  as  specific 
impacts  on  particular  regions  or  communities. 

6.  EQUITY  AND  SOCIAL  CONSIDERATIONS 
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6. 1  Equity  considerations  are  an  important  aspect  of  climate  change  policy  and  of  the 
Convention  and  in  achieving  sustainable  development ''.  Equity  involves  procedural  as  well  as 
consequential  issues.  Procedural  issues  relate  to  how  decisions  are  made  while  consequential 
issues  relate  to  outcomes.  To  be  effective  and  to  promote  cooperation,  agreements  must  be 
regarded  as  legitimate,  and  equity  is  an  important  element  in  gaining  legitimacy. 

6.2  Procedural  equity  encompasses  process  and  participation  issues.  It  requires  that  all 
Parties  be  able  to  participate  efifectively  in  international  negotiations  related  to  climate  change. 
Appropriate  measures  to  enable  developing  country  Parties  to  participate  efifectively  in 
negotiations  increase  the  prospects  for  achieving  efifective,  lasting,  and  equitable  agreements  on 
how  best  to  address  the  threat  of  climate  change.  Concern  about  equity  and  social  impacts  points 
the  need  to  build  endogenous  capabilities  and  strengthen  instimtional  edacities,  particularly  in 
developing  co'mtries,  to  make  and  implement  collective  decisions  in  a  legitimate  and  equitable 
manner. 

6.3  Consequential  equity  has  two  components:  the  distribution  of  the  costs  of  damages  or 
adaptation  and  of  measures  to  mitigate  climate  change.  Because  countries  differ  substantially 
in  vulnerability,  wealth,  capacity,  resource  endowments,  and  other  factors  listed  below,  unless 
addressed  explicitly,  the  costs  of  the  damages,  adaptation,  and  mitigation  may  be  borne 
inequitably. 

6.4  Climate  change  is  likely  to  impose  costs  on  future  generations  and  on  regions  where 
damages  occur,  including  regions  with  low  greenhouse  gas  emissions.  Climate  change  impacts 
will  be  distributed  unevenly. 

6.5  The  intenemporal  aspects  of  climate  change  policy  also  raise  questions  of 
intergenerational  equity  because  fiiture  generations  are  not  able  to  influence  directly  the  policies 
being  chosen  today  that  could  affect  their  well-being,  and  because  it  might  not  be  possible  to 
compensate  future  generations  for  consequent  reductions  in  their  well-being.  Discounting  is  the 
principal  analytical  tool  economists  use  to  compare  economic  effects  that  occur  at  different 
points  in  time.  The  choice  of  discount  rate  is  of  crucial  technical  importance  for  analyses  of 
climate  change  policy,  because  the  time  horizon  is  extremely  long,  and  mitigation  costs  tend  to 
come  much  earlier  than  the  benefits  of  avoided  damages.  The  higher  the  discoimt  rate,  the  less 
future  benefits  and  the  more  current  costs  matter  in  the  analysis. 

6.6  The  Convention  recognizes  in  Article  3.1  the  principle  of  common  but  differentiaied 
responsibilities  and  respective  capabilities.  Actions  beyond  "no  regrets'*"  measures  impose  costs 
on  the  present  generation.  Mitigation  policies  unavoidably  raise  issues  about  how  to  share  the 


In  common  language  equity  means  "the  quality  of  being  impanial"  or  "something  that  is  &tr  and 
just." 

"No  regrets"  measures  are  those  whose  benefits,  such  as  reduced  energy  costs  and  reduced 
emissions  of  local/regional  pollutants  equal  or  exceed  their  cost  to  society,  excluding  the  benefits 
of  climate  change  mitigation.  They  are  sometimes  known  as  "measures  worth  doing  anyway." 
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costs.  The  initial  emission  limitation  intentions  of  Annex  I  Parties  represent  an  agreed  collective 
first  step  of  those  parties  in  addressing  climate  change. 

6.7  Equity  arguments  can  support  a  variety  of  proposals  to  distribute  mitigation  costs.  Most 
of  them  seem  to  cluster  around  or  combine  approaches:  equal  per  capita  emission  allocations  and 
allocations  based  on  incremental  departures  from  national  baseline  emissions  (current  or 
projected).  The  implications  of  climate  change  for  developing  countries  are  different  from  those 
for  developed  countries.  The  former  often  have  diflferent  urgent  priorities,  weaker  institutions, 
and  are  generally  more  vulnerable  to  climate  change.  However,  it  is  likely  that  developing 
coimtries'  share  of  emissions  will  grow  farther  to  meet  their  social  and  developmental  needs. 
Greenhouse  gas  emissions  are  likely  to  become  increasingly  global,  even  whilst  substantial  per- 
capita  disparities  are  likely  to  remain. 

6.8  There  are  substantial  variations  both  among  developed  and  developing  countries  that  are 
relevant  to  the  application  of  equity  principles  to  mitigation.  These  include  variations  in 
historical  and  cumulative  emissions,  current  total  and  per-capita  emissions,  emission  intensities 
and  economic  output,  projections  of  future  emissions  and  factors  such  as  wealth,  energy 
structures,  and  resource  endowments. 

6.9  A  variety  of  ethical  principles,  including  the  importance  of  meeting  people's  basic  needs, 
may  be  relevant  to  addressing  climate  change,  but  the  application  of  principles  developed  to 
guide  individual  behaviour  to  relations  among  states  is  complex  and  not  straightforward. 
Climate  change  policies  should  not  aggravate  existing  disparities  between  one  region  and  another 
nor  attempt  to  redress  all  equity  issues. 

7.         ECONOMIC  DEVELOPMENT  TO  PROCEED  IN  A  SUSTAINABLE  MANNER 

7.1  Economic  development,  social  development  and  environmental  protection  are 
interdependent  and  mutually  reinforcing  components  of  sustainable  development,  which  is  the 
framework  for  our  efforts  to  achieve  a  higher  quality  of  Ufe  for  all  people.  The  UNFCCC  notes 
that  responses  to  climate  change  should  be  coordinated  with  social  and  economic  development 
in  an  integrated  manner  with  a  view  to  avoiding  adverse  impacts  on  the  latter,  taking  into  fiili 
account  the  legitimate  priority  needs  of  developing  countries  for  the  achievement  of  sustainable 
development  and  the  eradication  of  poverty.  The  Convention  also  notes  the  common  but 
differentiated  responsibilities  and  respective  capabilities  of  all  Parties  to  protect  the  climate 
system.  This  section  reviews  briefly  what  is  known  about  the  costs  and  benefits  of  mitigation 
and  adaptation  measures  as  they  relate,  inter  alia,  to  the  sustainabihty  of  economic  development 
and  environment. 

Social  Costs  of  Climate  Change 

7.2  Net  cliniate  change  damages  include  both  market  and  non-market  impacts  as  far  as  they 
can  be  quantified  at  present  and,  in  some  cases,  adaptation  costs.  Damages  are  expressed  in  net 
terms  to  account  for  the  fact  that  there  are  some  beneficial  impacts  of  climate  change  as  well, 
which  are,  however,  dominated  by  the  damage  costs.  Non-market  impacts,  such  as  human 
health,  risk  of  human  mortality  and  damage  to  ecosystems,  form  an  important  component  of 
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available  estimates  of  the  social  costs  of  climate  change.  The  estimates  of  non-market  damages, 
however,  are  highly  speculative  and  not  comprehensive  and  are  thus  a  source  of  major 
uncertainty  in  assessing  the  implications  of  global  climate  change  for  human  welfare. 

7.3  The  assessed  literature  quantifying  total  damages  from  2  to  3  °C  wanning  provides  a  wide 
range  of  point  estimates  for  damages  given  the  presiuned  change  in  atmospheric  greenhouse  gas 
concentrations.  The  aggregate  estimates  tend  to  be  a  few  percent  of  world  GDP,  with,  in  general, 
considerably  higher  estimates  of  damage  to  developing  countries  as  a  share  of  their  GDP.  The 
aggregate  estimates  are  subject  to  considerable  uncertainty,  but  the  range  of  imcertainty  cannot 
be  gauged  from  the  literature.  The  range  of  estimates  cannot  be  interpreted  as  a  confidence 
interval  given  the  widely  diflfering  assumptions  and  methodologies  in  the  studies.  Aggregation 
is  likely  to  mask  even  greater  imcertainties  about  damage  components.  Regional  or  sectoral 
approaches  to  estimating  the  consequences  of  climate  change  include  a  much  wider  range  of 
estimates  of  the  net  economic  effects.  For  some  areas,  damages  arc  estimated  to  be  significantiy 
greater  and  could  negatively  affect  economic  development.  For  others,  climate  change  is 
estimated  to  increase  economic  production  and  present  opportunities  for  economic  development 
Equalizing  the  value  of  a  statistical  life  at  the  level  typical  of  that  in  developed  countries  would 
increase  monetized  damages  several  times,  and  would  further  increase  the  share  of  the 
developing  countries  in  the  total  damage  estimate.  Small  islands  and  low  lying  coastal  areas  are 
particularly  vulnerable.  Damages  from  possible  large-scale  catastrophes,  such  as  major  changes 
in  ocean  circulation,  are  not  reflected  in  these  estimates. 

Benefits  of  Limiting  Climate  Change 

lA  The  benefits  of  limiting  greenhouse  gas  emissions  and  enhancing  sinks  are  (a)  the 
climate  change  damages  and  adaptation  costs  avoided  and  (b)  the  indirect  economic  and 
environmental  benefits  associated  with  the  relevant  policies  -  such  as  reductions  in  other 
pollutants  joindy  produced  with  greenhouse  gases,  biological  diversity  conserved  and 
technological  innovation  driven  by  climate  change  response. 

Adaptation  Costs 

7.5  Many  options  are  available  for  adapting  to  the  impacts  of  climate  change  and  thus 
reducing  the  damages  to  national  economies  and  natural  ecosystems.  Adaptive  options  are 
available  in  many  sectors,  ranging  from  agriculture  and  energy  to  health,  coastal  zone 
management,  off-shore  fisheries  and  recreation.  Some  of  these  provide  enhanced  ability  to  cope 
with  the  current  impacts  of  climate  variability.  Systematic  estimates  of  the  costs  of  adaptation 
to  cope  with  impacts  on  agriculture,  human  health,  water  supplies,  and  other  changes  are  not 
available.  Where  adaptation  measures  are  technically  feasible,  costs  of  adaptation,  for  example 
to  sea  level  rise,  could  be  prohibitively  expensive  for  some  countries  without  external  assistance 


Mitigation  Costs  and  Benefits 

7.6        The  costs  of  stabilizing  atmospheric  concentrations  of  greenhouse  gases  at  levels  and 
within  a  time  frame  which  will  prevent  dangerous  anthropogenic  interference  with  the  climate 
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system  will  be  critically  dependent  on  the  choice  of  emissions  time  path,  consumption  panems, 
resource  and  technology  availability  and  the  choice  of  policy  instruments.  The  cost  of  the 
abatement  programme  will  be  influenced  by  the  rate  of  capital  replacement,  the  discount  rate  and 
the  effect  of  research  and  development.  Failure  to  adopt  policies  as  early  as  possible  to  encourage 
efficient  replacement  investments  at  the  end  of  the  economic  life  of  plant  and  equipmeat  (i.e., 
at  the  point  of  capital  stock  turnover)  impose  an  economic  cost  to  society.  Implementing 
emissions  reductions  at  rates  that  can  be  absorbed  in  the  course  of  normal  stock  turnover  are 
likely  to  be  cheaper  than  enforcing  premature  retirement  now.  The  choice  of  abatement  paths 
thus  involves  balancing  the  economic  risks  of  rapid  abatement  now  against  the  risks  of  delay. 
Mitigation  measures  imdertaken  in  a  way  that  capitalize  on  other  environmental  benefits  could 
be  cost-effective  and  enhance  sustainable  development  Movement  of  polluting  activities  which 
lead  to  an  increase  in  global  greenhouse  gas  emissions  can  be  lessened  through  coordinated 
actions  of  groups  of  countries. 

7.7  While  very  few  studies  of  the  costs  to  stabilize  atmospheric  concentrations  of  greenhouse 
gases  have  been  published,  some  estimates  of  the  costs  of  various  degrees  of  emissions 
reductions  are  available  in  the  literature.  Mitigation  cost  estimates  vary  widely,  depending  upon 
choice  of  methodologies,  imderlying  assumptions,  emission  scenarios,  policy  instruments, 
reporting  year,  etc. 

7.8  Despite  significant  differences  in  views,  there  is  agreement  that  energy  efficiency  gains 
of  perhaps  1 0%  to  30%  above  baseline  trends  over  the  next  two  to  three  decades  can  be  realized 
at  negative  to  zero  net  cost.  With  longer  time  horizons,  which  allow  a  more  complete  turnover 
of  capital  stocks  and  which  give  research,  development  and  demonstration,  and  market 
transfo'rmation  policies  a  chance  to  impact  multiple  replacement  cycles,  this  potential  is  much 
higher.  The  magnitude  of  such  "no  regrets"  potentied  depends  upon  the  existence  of  substantial 
market  or  institutional  imperfections  that  prevent  cost-effective  emission  reduction  measures 
fi'om  occurring.  The  key  question  is  then  the  extent  to  which  such  imperfections  and  baniers  can 
be  removed  cost-effectively  by  policy  initiatives. 

7.9  OECD  countries:  Although  it  is  difficult  to  generalize,  top-down"  analyses  suggest  that 
the  costs  of  substantial  reductions  below  1990  COj  emissions  levels  could  be  as  high  as  several 
percent  of  GDP.  In  the  specific  case  of  stabilizing  emissions  at  1990  levels,  most  studies 
estimate  that  annual  costs  in  the  range  of  minus  0.5  percent  of  GDP  (equivalent  to  a  gain  of  about 
S60  billion  in  total  for  OECD  countries  at  today's  GDP  levels)  to  plus  2  percent  of  GDP 
(equivjilent  to  a  loss  of  about  $240  billion)  could  be  reached  over  the  next  several  decades. 
However,  studies  also  show  that  appropriate  timing  of  abatement  measures  and  the  availability 
of  low-cost  alternatives  may  substantially  reduce  the  size  of  the  overall  bill.  Some  bottom-up 
studies  show  that  the  costs  of  reducing  emissions  by  20%  in  developed  countries  within  two  to 
three  decades  are  negligible  to  negative.  Other  bottom-up  studies  suggest  that  there  exists  a 
potential  for  absolute  reductions  in  excess  of  50  %  in  the  longer  tenn,  without  increasing  and 
perhaps  even  reducing  total  energy  system  costs. 


"  See  box  1  in  the  Summary  for  Policymakers  of  IPCC  Working  Group  HI  for  a  discussion  of  top- 

down  and  bottom-up  models. 
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7.10  Countries  with  economies  in  transition:  The  potential  for  cost-effective  reductions  in 
energy  use  is  ^t  to  be  considerable  but  the  realizable  potential  will  depend  upon  what  economic 
and  technological  development  path  is  chosen,  as  well  as  the  availability  of  capital  to  pursue 
dififerent  paths.  A  critical  issue  is  the  future  of  structural  changes  in  these  countries  that  are  apt 
to  change  dramatically  the  level  of  baseline  emissions  and  the  emission  reduction  costs. 

7. 11  Developing  countries:  Analyses  suggest  that  there  may  be  substantial  low-cost  fossil 
fuel  carbon  dioxide  emission  reduction  opportunities  for  developing  countries.  Development 
pathways  that  increase  energy  efBciency,  promote  alternative  energy  technologies,  reduce 
deforestation  and  enhance  agricultural  productivity  and  biomass  energy  production  can  be 
economically  beneficial.  To  embark  upon  this  pathway  may  require  significant  international 
cooperation  and  financial  and  technology  transfer.  However,  these  are  likely  to  be  insufficient 
to  ofEset  rapidly  increasing  emissions  baselines,  associated  with  increased  economic  growth  and 
overall  welfere.  Stabilization  of  carbon  dioxide  emissions  is  likely  to  be  costly. 

7.12  Cost  estimates  for  a  number  of  specific  approaches  to  mitigating  emissions  or  enhancing 
sinks  of  greenhouse  gases  vary  widely  and  depend  on  site-specific  characteristics.  This  is  true 
for  renewable  energy  technologies,  for  example,  as  well  as  carbon  sequestration  options.  The 
latter  could  offset  as  much  as  15-30%  of  1990  global  energy-related  emissions  each  year  in 
forests  for  the  next  50  years.  The  costs  of  carbon  sequestration,  which  are  competitive  with 
source  control  options,  differ  among  regions  of  the  world. 

7.13  Control  of  emissions  of  other  greenhouse  gases,  especially  methane  and  nitrous  oxide, 
can  provide  significant  cost-effective  opportunities  in  some  countries.  About  10%  of 
anthropogenic  methane  emissions  could  be  reduced  at  negative  or  low  cost  using  available 
mitigation  options  for  such  methane  sources  as  natural  gas  systems,  waste  management,  and 
agriculture.  Costs  differ  between  countries  and  regions  for  some  of  these  options. 

Subsidies,  Market  Imperfections  and  Barriers 

7.14  The  world  economy  and  indeed  some  individual  national  economies  suffer  fix>m  a 
number  of  price  distortions  which  increase  greenhouse  gas  emissions,  such  as  some  agricultural 
and  fuel  subsidies  and  distortions  in  transport  pricing.  A  number  of  studies  of  this  issue  indicate 
that  global  emissions  reductions  of  4  to  18  %  together  with  increases  in  real  incomes  are  possible 
firom  phasing  out  fuel  subsidies. 

7.15  Progress  has  been  made  in  a  number  of  countries  in  cost-effectively  reducing 
imperfections  and  institutional  barriers  in  markets  through  policy  instruments  based  on  voluntary 
agreements,  energy  efBciency  incentives,  product  efficiency  standards  and  energy  efficiency 
procurement  programs  involving  manufacturers,  and  utility  regulatory  reforms.  Where  empirical 
evaluations  have  been  made,  many  have  found  that  the  benefit-cost  ratio  of  increasing  energy 
efficiency  was  favourable,  suggesting  the  practical  feasibility  of  realizing  "no  regrets"  potentials 
at  negative  net  cost. 

Value  of  Better  Information  and  Research 
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7.16  The  value  of  bcner  information  about  the  processes,  impacts  of  and  responses  to  climate 
change  is  likely  to  be  great.  Analysis  of  economic  and  social  issues  related  to  climate  change, 
especially  in  developing  countries,  is  a  high  priority  for  research.  Further  analysis  is  required 
concerning  effects  of  response  options  on  employment,  inflation,  trade,  competitiveness  and 
other  public  issues. 

8.         THE  ROAD  FORWARD 

8.1  The  scientific,  technical,  economic  and  social  science  literature  does  suggest  ways  to 
move  forward  towards  the  ultimate  objective  of  the  Convention.  Possible  actions  include 
mitigation  of  climate  change  through  reductions  of  emissions  of  greenhouse  gases  and 
enhancement  of  their  removal  by  sinks,  adaptation  to  observed  and/or  anticipated  climate 
change,  and  research,  development  and  demonstration  to  improve  our  knowledge  of  the  risks  of 
climate  change  and  possible  responses. 

8.2  Uncertainties  remain  which  are  relevant  to  judgement  of  what  constitutes  dangerous 
anthropogenic  interference  with  the  climate  system  and  what  needs  to  be  done  to  prevent  such 
interference.  The  literature  indicates,  however,  that  significant  "no  regrets"  opportunities  are 
available  in  most  countries  and  that  the  risk  of  aggregate  net  damage  due  to  climate  change, 
consideration  of  risk  aversion  and  the  precautionary  approach,  provide  rationales  for  actions 
beyond  "no  regrets".  The  challenge  is  not  to  find  the  best  policy  today  for  the  next  100  years,  but 
to  select  a  prudent  strategy  and  to  adjust  it  over  time  in  the  light  of  new  information. 

8.3  The  literature  suggests  that  flexible,  cost-effective  policies  relying  on  economic 
incentives  and  instruments  as  well  as  coordinated  instruments,  can  considerably  reduce 
mitigation  or  adaptation  costs,  or  can  increase  the  cost-effectiveness  of  emission  reduction 
measures.  Appropriate  long-run  signals  are  required  to  allow  producers  and  consumers  to  adapt 
cost-effectively  to  constraints  on  greenhouse  gas  emissions  and  to  encourage  investment, 
research,  development  and  demonstration. 

8.4  Many  of  the  policies  and  decisions  to  reduce  emissions  of  greenhouse  gases  and  enhance 
their  sinks,  and  eventually  stabilize  their  atmospheric  concentration,  would  provide  opportunities 
and  challenges  for  the  private  and  public  sectors.  A  carefully  selected  portfolio  of  national  and 
international  responses  of  actions  aimed  at  mitigation,  adaptation  and  improvement  of  knowledge 
can  reduce  the  risks  posed  by  climate  change  to  ecosystems,  food  security,  water  resources, 
human  health  and  other  natural  and  socio-economic  systems.  There  arc  large  differences  in  the 
cost  of  reducing  greenhouse  gas  emissions,  and  enhancing  sinks,  among  countries  due  to  their 
state  of  economic  development,  infrastructure  choices,  and  natural  resource  base.  International 
cooperation  in  a  fi:amework  of  bilateral,  regional  or  international  agreements  could  significantly 
reduce  the  global  costs  of  reducing  emissions  and  lessening  emission  leakages.  If  carried  out  with 
care,  these  responses  would  help  to  meet  the  challenge  of  climate  change  and  enhance  the 
prospects  for  sustainable  economic  development  for  all  peoples  and  nations. 
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Summary 

In  this  chapter,  current  response  options  for  dealing  with  climate  change  are 
assessed  on  the  basis  of  their  feasibility,  acceptability,  cost-effectiveness,  and 
applicability.  As  much  as  possible,  specific  attention  has  been  given  to  the 
applicability  of  these  various  options  in  the  developing  countries  and  countries  in 
transition.  The  chapter  does  not,  however,  contain  an  evaluation  of  the 
(macro)econoniic  effects  that  large-scale  applications  of  the  various  options  might 
have  in  different  regions  of  the  world. 

Conceptually  a  distinction  has  to  be  made  between  mitigation  and 
adaptation  options  on  the  one  hand,  and  indirect  options  -  that  is,  options  that  are 
not  designed  to  have  an  impact  on  the  greenhouse  effect  but  nevertheless  do  -  on 
the  other.  Indeed,  many  technological  developments  and  various  policies  have  an 
impact  on  energy  use  and  thus  on  the  global  climate.  An  effective  climate  change 
response  strategy  should  therefore  preferably  pay  attention  to  possibihties  of 
joining  climate  response  options  with  responses  to  other  socioeconomic  transition 
phenomena,  as  in  the  application  of  an  integrated  systems  approach. 

The  various  response  options  can  be  assessed  in  fundamentally  different 
ways.  At  one  extreme  is  the  engineering  efficiency  approach,  which  focuses  only 
on  costs  and  how  these  are  related  to  internal  and  external  economies  of  scale 
and  learning  effects.   At  the  other  extreme  is  the  welfare  economic  approach 
which,  in  addition,  considers  such  welfare  aspects  as  social,  political,  or 
environmental  resistance  to  the  option's  application.   Costs  associated  with  the 
diffusion  of  technologies,  public  education,  and  lifestyle  changes  are  also  taken 
into  account. 

A  number  of  COj  mitigation  options  have  been  proposed,  including: 

energy  conservation  and  efficiency  improvement 

fossil  fuel  switching 

renewable  energy  technologies 

nuclear  energy 

capture  and  disposal  technologies 

enhancing  sinks,  and  forestry  options 

Attention  has  also  been  focused  on  reducing  emissions  of  methane. 

With  respect  to  energy  conservation  and  efficiency  improvement,  reductions 
in  energy  intensities  during  recent  decades  have  varied  widely  across  countries 
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and  also  within  the  group  of  developing  countries.   Some  of  this  variation, 
however,  reflects  differences  in  how  the  underlying  variables  have  been  measured. 

Because  reductions  in  national  energy  intensities  are  related  to  structural 
changes  in  national  economies,  the  growth  of  the  secondary  sectors  in  developing 
countries  may  give  a  biased  view  of  their  energy  efficiency  improvement  results. 
In  most  industrial  countries,  in  contrast,  a  trend  towards  "dematerialization"  (Le.,  a 
shift  away  from  the  highly  energy-intensive  secondary  towards  the  less  energy- 
intensive  tertiary  sector)  has  favoured  lower  energy  intensities. 

There  is  a  broad  consensus  in  the  literature  in  favour  of  efficiency 
improvement,  because  it  is  seen  as  directly  beneficial  irrespective  of  any  impacts 
on  greenhouse  warming  and  because  it  hzs  significant  scope  for  negative  net  cost 
(i.e.,  no-regret)  applications. 

Because  the  end  use  phase  is  the  least  efficient  part  of  an  energy  system, 
improvements  in  this  area  would  produce  the  greatest  benefits.  The  potential  for 
improvements  in  production  seem  especially  promising,  especially  in  the  power 
production,  transportation,  steel  and  cement  production,  and  residential  sectors. 
[THIS  IS  A  BIT  CONFUSING.   IS  POWER  PRODUCTION  AN  END  USE? 
WHAT  DOES  THE  TERM  "PRODUCTION"  COVER?]  The  potential  in  the 
developing  countries  is  roughly  similar  in  magnitude  to  that  in  industrialized 
countries.  By  contrast,  energy  conservation  may  be  achieved  somewhat  more 
easily  in  the  industrialized  countries. 

Optimism  about  the  scope  for  no-regret  options  with  respect  to  energy 
efficiency  varies  considerably  and  depends  to  a  large  extent  on  the  discount  rate 
that  is  employed.   Revealed  consumer  discount  rates  for  household  investments 
can  be  very  high  indeed.   Similarly,  in  developing  countries  a  lack  of  access  to 
information  and  limited  human  capacity  [WHAT  IS  MEANT  BY  HUMAN 
CAPACITY?]  and  financial  resources  may  cause  the  revealed  time  preference  to 
be  much  higher  than  commercial  interest  rates. 

The  potential  for  energy  savings  is  estimated  at  10-40%  for  production  and 
10-50%  for  residential  use.   However,  to  achieve  such  results,  institutional  and 
information  factors  are  crucial.  So  too  is  the  degree  to  which  the  option  may  help 
in  deriving  other  environmental  benefits. 

With  respect  to  fossil  fuel  switching,  relatively  little  information  about  costs 
is  available,  although  it  is  recognized  that  fossil  fuels  will  remain  the  dominant 
energy  source  for  several  decades  yet.   Estimates  of  the  costs  of  switching  vary  to 
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a  large  extent,  depending  on  the  type  of  measure,  the  fraction  of  natural  gas  lost 
to  the  atmosphere  from  leakage  during  produrtion  and  distribution,  and  the 
opportunity  costs  of  the  option  (which  depend  to  a  large  extent  on  the  availability 
of,  for  instance,  coal  reserves). 

These  opportunity  costs  may  be  particularly  large  in  populous  counties 
with  massive  coal  reserves,  such  as  China  and  India.  In  fact,  in  developing 
countries  growth  may  even  result  in  a  transition  from  less  carbon-intensive 
biomass  to  more  carbon-intensive  fossil  fuels. 

Renewable  energy  technologies  may  be  sustainable  with  respect  to  energy 
inputs  but  may  not  always  be  socially  and  environmentally  benign  in  other 
respects.  This  is  particularly  so  in  the  case  of  large-scale  applications  (for 
example,  of  major  hydro  or  biomass  projects)  in  developing  countries. 

The  technical  potential  of  the  renewable  options  not  currently  utilized 
varies  from  50%  for  biomass  to  75%  for  hydro  to  several  thousand  per  cent  for 
wind.   Many  renewable  technologies,  however,  tend  to  be  site-specific  (i.e.,  their 
application  is  limited  to  a  finite  number  of  specific  sites).   Other  problems  include 
potential  environmental  risks,  technological  readiness,  and  cost-effectiveness. 

.Though  some  renewable  options  are  almost  mature,  others  are  still  in  the 
demonstration  stage.  Practicable  potentials  therefore  vary  to  a  large  extent, 
although  much  will  depend  on  the  costs  of  the  various  options. 

Cost  estimates  diverge  widely,  mainly  due  to  the  time  horizon  adopted,  the 
discount  rate  chosen,  and  the  capacity  and  useful  lifetime  assumed.   Moreover, 
costs  are  strongly  influenced  by  site-specificity,  variability  of  supply,  and  the  form 
of  final  energy  delivered.  Other  aspects  that  influence  cost  behaviours  are 
learning  effects,  economies  of  scale,  and  the  need  for  immediate  storage  or 
transport  of  the  energy  generated. 

The  promise  of  renewables  lies  mainly  in  their  large  potential  and  modest 
price  on  the  spot.  These  factors  are  particularly  relevant  for  developing  countries, 
which,  by  using  local  renewables,  could  reduce  their  dependence  on  imported 
fossil  fuels.  Local  communities  could  benefit  significantly  from  small-scale 
applications  and  their  net  positive  side  effects. 

In  view  of  these  considerations,  the  future  role  of  renewables  is  hard  to 
predict  precisely;  the  share  of  renewables  in  the  2020  energy  mix  will,  however, 
probably  not  exceed  25%. 
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Nuclear  energy  technology  is  long  past  the  demonstration  stage,  but  the  issue  of 
the  safe  storage  of  nuclear  waste  remains  unresolved.  Because  of  their  long 
design  and  construction  time  (10-15  years)  and  the  enormous  investment  costs  of 
nuclear  power  plants,  the  nuclear  option  is  also  rather  inflexible. 

In  view  of  the  waste  disposal  problem  and  the  consequent  lack  of  public 
support,  the  share  of  nuclear  energy  in  total  energy  use  is  expected  to  increase 
only  to  a  limited  extent  during  the  coming  decades. 

Capture  and  disposal  have  potential  in  cases  where  a  switch  from  coal  to 
other  fossil  fuels  is  difficult  for  one  reason  or  another.  Some  technologies  already 
exist;  others  are  being  developed. 

The  disposal  option  is  ultimately  limited  not  only  for  technical  reasons  but 
also  because  not  all  forms  of  disposal  can  permanently  prevent  the  reentry  of 
carbon  into  the  atmosphere.  This  is  irrespective  of  the  way  in  which  disposal 
would  take  place  [THIS  SENTENCE  APPEARS  TO  CONTRADICT  THE 
PREVIOUS  SENTENCE,  WHICH  IMPLIES  THAT  SOME  FORMS  OF 
DISPOSAL  WOULD  PROVIDE  PERMANENT  SEQUESTRATION.]  The 
practicability  of  this  option  is  still  a  matter  of  discussion,  because  in  some  types  of 
disposal  (e.g.,  in  aquifers  or  oceans)  environmental  uncertainties  are 
unknow'nimpacts  are  uncertain. 

The  scope  oi  forestry  options  is  determined  by  the  large  expected  potential, 
modest  costs,  low  risk,  and  positive  side  effects.  However,  there  is  still  a  large 
amount  of  uncertainty  with  respect  to  the  net  carbon  release  from  deforestation 
and  land  use  changes  on  the  one  hand  and  the  long-term  carbon  absorption 
capacity  of  afforestation  efforts  on  the  other.  Basically,  forestry  measures,  like 
removal  options,  are  to  be  seen  as  an  intermediate  response  policy. 

Uncertainties  in  assessments  of  the  global  potential  for  halting  or  slowing 
deforestation  and  for  reforestation  are  linked  to  the  extent  of  human 
encroachment  into  the  forests,  the  area  available  for  forestry  measures,  and  the 
annual  and  cumulative  carbon  uptake  per  hectare. 

Mitigation  policies  using  forests  are  generally  considered  relatively  cost- 
effertive,  especially  if  applied  in  developing  countries.   With  the  costs  of 
afforestation,  much  depends  on  whether  one  assumes  that  the  forests  can  be 
exploited  sustainably  or,  instead,  should  be  left  alone  to  mature  and  on  the 
acceptance  of  the  newly  planted  forests  by  the  local  population. 
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Halting  or  slowing  deforestation  is  probably  one  of  the  most  urgent  and 
cost-effective  options.  However,  social,  political,  and  infrastructural  barriers  may 
restrict  this  option  as  well  as  the  scope  of  reforestation. 

Estimates  of  cost-effectiveness  of  forestry  measures  depend  strongly  on 
whether  one  takes  a  static  or  dynamic  point  of  view.  There  is  a  clear  tendency  to 
focus  increasingly  on  cost  functions  rather  than  point  estimates;  the  former 
approach  seems  clearly  more  relevant  in  the  case  of  large  areas.   Moreover,  the 
cost  assessment  methodology  has  been  increasingly  refined  (for  example,  by  the 
inclusion  of  discounting  procedures).   Cost  estimates,  which  are  now  probably 
more  realistic,  tend  to  fall  within  a  range  of  $30-$60/tC  for  large  annual  uptakes. 

With  respect  to  methane,  the  emission  data  available  reveal  wide 
discrepancies  between  various  regions.  Information  about  methane  leakage  and 
distribution  is  also  rather  scanty,  and  some  of  it  is  unreliable.  The  same  applies 
to  information  about  the  costs  of  methane  control  options. 

Information  about  the  cost  functions  of  the  various  mitigation  options  is 
still  weak.  That  is  because  the  functions  are  not  only  time-specific  but  also 
region-  and  context-specific.  This  [WHAT  DOES  THIS"  REFER  TO?]  also 
relates  to  the  puzzling  fact  [WHY  PUZZLING?]  that  the  scope  for  no-regret 
options  seems  to  be  significant,  especially  in  developing  countries.  This  apparent 
^picsis  most  likely  due  to  the  high  actual  time  preference  rates,  lack  of 
information,  and  [limitations  of?]  human  capacity.  All  this  and  the  different 
assessment  perspectives  mentioned  earlier  may  explain  why  virtually  no  studies 
exist  in  which  the  optimal  mix  of  options  is  designed  on  the  basis  of  their 
underlying  cost  functions  and  feasibility. 

The  few  studies  of  this  kind  that  have  been  done  provide  only  tentative 
results  but  do  indicate  -  given  present  knowledge  about  the  cost  functions  of  the 
various  options  -  that  the  pure  application  of  the  cost  minimization  principle 
would  require  a  signitlcant  share  (probably  more  than  half)  of  the  emission 
reduction  targets  to  be  achieved  via  the  application  of  options  outside  the  OECD 
area.  In  addition,  in  terms  of  the  size  of  the  emission  reduction,  energy 
conservation  and  efficiency  improvements  and  the  forestry  option  seem  to  provide 
the  largest  potential  from  a  cost  minimization  point  of  view.  The  potential  of  the 
forestry  option  is  widely  debated,  however,  because  of  the  limitations  of  net 
absorption  in  time  and  because  much  depends  on  forest  exploitation  and  local 
acceptance. 
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To  illustrate  the  former  [i.e.  THE  POINT  ABOUT  APPLICATION  OF 
OPTIONS  OUTSIDE  THE  OECD?],  the  resuh  of  a  (LP-based  [LP=?])  cost 
minimization  simulation  using  the  available  ioSt-function  information  in  terms  ef 
cost  functions  disaggregated  by  region  is  presented  in  Table  1  [IS  THIS  A  NEW 
TABLE  FOR  THIS  SUMMARY?]  for  a  predetermined  emission  reduction  target 
of  2.4  GtC.  In  view  of  the  tentative  and  uncertain  character  of  the  underlying 
data,  the  outcomes  can  only  be  seen  as  an  illustration  of  what  an  optimal  policy 
mix  might  be  (recognizing  that  marginal  costs  per  option  per  region  generally  tend 
to  increase  to  the  point  where  they  eventually  become  prohibitive).  Obviously 
technological  or  political  breakthroughs  may  significantly  affect  the  optimal  mix. 

Adaptation  options  can  be  surveyed  in  many  ways.   One  is  to  consider  what 
should  be  adapted  to  and  how  it  should  be  done.  No  systematic  cost  data  on  the 
various  adaptation  options  are  available,  although  information  about  land 
protection  costs  against  flooding  and  sea  level  rise  is  rapidly  increasing.   Many 
efforts  are  now  underway,  however,  to  reduce  the  vulnerability  of  agricultural 
production  to  climate  change  through  adaptation  policies.   Especially  in 
developing  countries  there  is  an  urgent  need  for  both  more  information  and  a 
better  infrastructure  for  the  actual  implementation  of  adaptation  techniques. 

Finally,  the  point  has  to  be  made  that  when  it  comes  to  the  introduction 
and  application  of  the  various  options,  the  developing  countries  occupy  a  special 
position.  TTiat  is  because  the  application  and  acceptance  of  these  options  often 
crucially  depends  on  the  international  transfer  of  technologies  as  well  as  the 
countries*  own  local  institutions  and  abilities  to  build  their  human  capacity. 
Therefore,  the  conditions  needed  to  ensure  the  success  of  these  processes,  such  as 
joint  implementation  and  technology  transfers  from  developed  to  developing 
countries,  deserve  a  high  priority  on  the  academic  research  agenda. 
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7.1.  Introduction 


In  recent  years  a  host  of  response  options  has  been  proposed  in  order  to  cope 
with  possible  climate  change.  These  options  can  be  classified  in  many  ways, 
including  by  technology,  by  sector,  by  impact,  and  by  strategic  approach.  This 
chapter  is  based  on  classification  by  strategic  approach,  that  is,  mitigation, 
adaptation,  and  indirect  policy  options.   Many  response  options  are  thoroughly 
discussed  in  Volume  2  of  this  report,  with  a  major  emphasis  on  technological 
feasibility  (IPCC  1996).   Some  aspects  of  these  options  will  be  taken  up  here  and 
gcncricolly  assessed|ggn|Ecp||,  that  is,  not  only  from  an  engineering  efficiency 
point  of  view  but  also  from  that  of  welfare  economics.' 

The  present  chapter  surveys  the  set  of  options  that  are  feasible  from  a 
comparative  economic  perspective  in  order  to  assess  the  scope  and  priorities  of 
potential  policies.  The  main  purposes  are: 

to  set  up  a  structure  so  that  the  various  options  can  be  put  into  proper 
perspective  and  the  assessment  to  be  made  can  be  truly  generic  (Section 
7.2); 

to  discuss  the  various  criteria  that  can  be  used  in  assessing  the  options  and 
.  the  degree  to  which  different  criteria  can  produce  different  choices  in 
terms  of  optimal  use  of  the  options  (Section  7.3); 

to  review  the  various  options  in  terms  of  (technical  and  practical) 
applicability,  cost-effectiveness,  and  social  acceptability,  both  as  far  as 
mitigation  options  (Section  7.4),  and  adaptation  options  (Section  7.5)  are 
concerned.   Special  attention  will  be  given  to  the  case  of  the  developing 
countries  and  countries  in  transition,  because  of  their  particular 
circumstances; 

to  evaluate  the  scope  for  integrating  response  options,  in  particular,  with 
respect  to  mitigation  options  on  the  basis  of  information  about  regional 
cost  functions  (Section  7.6); 

to  analyze  to  what  extent  currently  available  information  about  various 
options  might  provide  a  basis  for  international  policy  cooperation  (Section 
7.7). 

Sections  7.1  to  13  therefore  provide  the  methodological  base;  Sections  7.4 
and  7.5  survey  the  mitigation  and  adaptation  options,  and  Sections  7.6  and  7.7 


717 


deal  with  response  options  and  policy  application.  In  this  chapter  the 
applicability,  feasibility,  and  cost-effectiveness  of  the  various  response  options  are 
surveyed;  however,  a  macroeconomic  effects  assessment  of  the  various  options  has 
not  been  carried  out  here.   (See  in  this  respect  also  the  sections  in  this  report 
dealing  with  integrated  response  options.) 


12.  A  Conceptual  Framework 

Figure  7.1  shows  the  policy  options  available  to  counter  greenhouse  wanning  and 
their  possible  feedbacks. 


Figure  7.1.  Schematic  overview  of  available  options  to  counter  the  greenhouse 
efTect  and  their  possible  feedbacks. 


The  diagram  may  serve  to  illustrate  that  one  can  basically  distinguish 
between  three  strategic  categories  of  options  in  order  to  deal  with  the  greenhouse 
issue: 

1.  mitigation  options  (Block  A  in  the  figure)  are  options  that,  amongst  others, 
strive  to  prevent  climate  change,  or  combat  any  reinforcement  thereof,  by 
reducing  the  net  emissions  of  greenhouse  gases  into  the  atmosphere,  either 
by  reducing  greenhouse  gas  emissions  (source-oriented  measures)  or  by 
increasing  the  sinks  for  greenhouse  gases  (effect-oriented  measures).  See 
also  Chapter  8,  Section  8.2.2.2; 

2.  adaptation  options  (Block  B)  are  options  that  focus  on  reducing  the 
expected  damages  due  to  rapid  climate  change  by  combating  or  avoiding 
their  detrimental  effects; 

3.  indirect  policy  options  (Block  C)  are  options  that  are  not  directly  related  to 
the  emission  or  capture  of  greenhouse  gases  but  that  can  have  a 
considerable  indirect  effect  on  greenhouse  gas  emissions  or  greenhouse  gas 
uptake. 

Obviously,  the  various  types  of  options  are  not  mutually  exclusive,  nor  can 
they  be  fully  separated.   Indirect  policy  options,  adaptation  options,  and  mitigation 
options  may  even  reinforce  each  other.   For  example,  a  population  policy,  as  part 
of  a  broader  policy  mix  that  slows  down  population  growth  in  a  densely  populated 
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country,  may  contribute  to  finding  cost-effective  and  acceptable  opportunities  for 
mitigation  options.  Similarly,  if  policies  designed  to  decrease  the  energy  and 
materials'  -intensity  ^lener^  aiid  inaterials  use  pf  economic  activity  are  instituted 
in  a  country,  many  technically  feasible  options  for  emission  reductions  may 
become  cost-effective.  Technological  progress  will  obviously  improve  the  scope 
for  adaptation  and  other  options.  For  conceptual  reasons,  however,  the  preceding 
distinction  between  the  various  types  of  options  seems  a  useful  starting  point. 
Before  moving  on  to  the  details,  though,  it  would  be  only  proper  to  point  out 
what  this  chapter  is  not  about.   Only  the  broad  principles  underlying  the  response 
options  are  emphasized  here.  Their  actual  application  would  depend  on  a  host  of 
factors  that  are  very  much  country-specific  and  include  many  economic,  social, 
political,  and  legal  considerations.  Thus,  they  would  need  to  be  analyzed  on  a 
country-by-country  basis  for  policymaking  at  national  levels. 

7.2.1  Mitigation  Options 

Jn  the  literature  about  greenhouse  policy  options,  mitigation  options  receive  by  far 
the  most  attention.   Most  commonly  the  various  options  are  discussed  separately 
and  from  the  engineering  perspective.   Information  about  the  cost-effectiveness  of 
the  various  options,  for  example,  in  terms  of  $/tC  not  released  into  the 
atmosphere,  is  rapidly  increasing.  The  marginal  cost-effectiveness  of  the  various 
options  is  probably  highly  dependent  on  the  scale  of  application,  the  sector,  the 
country  or  region  of  application,  and  whether  or  not  additional  options  are 
applied.   Moreover,  learning  curves,  and  therefore  cumulative  application  and 
time,  almost  invariably  play  a  dominant  role  in  determining  the  options'  economic 
viability.  All  these  factors  point  in  the  same  direction,  namely,  that  the  mitigation 
options'  cost  functions  may  change  in  the  course  of  time,  sometimes  quite  rapidly. 
The  same  applies  with  respect  to  the  various  options'  social  and  political 
acceptability.   Conclusions  about  the  economic,  social,  and  political  viability  of 
various  options  are  therefore  highly  scale-,  time-  and  location-specific. 

In  discussing  the  potential  of  the  various  mitigation  options  a  distinction 
has  been  made  between  measures  concerning  COj  and  measures  concerning  other 
greenhouse  gases,  because  the  former  are  in  actual  practice  largely  associated 
with  energy-related  activities  (i.e.,  both  energy  production  and  consumption) 
while  the  latter  are  also  associated  with  other  types  of  activities.  Thus,  except  for 
some  "exotic,"  mainly  effect-oriented  options  such  as  geoengineering,  orbital 
shades,  iron  fertilization,  creating  algal  blooms,  and  weathering  rocks,  mitigation 
options  can  generally  be  divided. into  those  affecting  CO^  and  those  affecting 
other  greenhouse  gases. 
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Measures  concerning  CO2  include  the  following: 

a)  Source-oriented  measures 

1.  energy  conservation  and  efficiency  improvement 

2.  fossil  fuel  switching 

3.  renewable  energy 

4.  nuclear  energy 

b)  Sink-enhancement  measures 

5.  capture  and  disposal  of  CO2 

6.  enhancing  forest  sinks 

Measures  concerning  other  greenhouse  gases  include  phasing  out  HFCs  (in 
addition  to  HCFCs,  via  the  Montreal  Protocol)  as  well  as  a  variety  of  measures 
for  reducing  emissions  of  methane  (CH4),  nitrous  oxide  (NjO),  and  other 
greenhouse  gases. 

Since  the  energy  sector  (in  terms  of  both  energy  production  and 
consumption)  is  the  single  largest  source  of  carbon,  much  of  the  COj  mitigation 
effort  can  be  concentrated  here.  Each  of  the  four  source-oriented  options 
addresses  elements  of  the  energy  conversion  process,  from  primary  energy 
production  to  end-use  services. 

Energy  conservation  and  efficiency  improvement  have  in  common  the  fact 
that  bothBoth  energy  conservation  and  energy  efficiency  aim  to  reduce  total 
energy  use  without  changing  the  current  fuel  mix  or  the  fundamental  structure  of 
the  energy  conversion  process.  Here  energy  conser»'ation  is  understood  as 
reductions  in  energy  needs  resuhing  from  altering  (e.g.,  on  the  basis  of 
behavioural  change)  the  nature  or  level  of  the  required  energy  services.  In 
contrast,  energy  efficiency  improvement  will  denote  reductions  in  energy  needs 
given  those  service SrEnergy  consen-ation  is  used  here  to  mean  a  reduction  iii 
energy  needs  resolting  from  a.  change  in  the  nature  or  level  of  energy  services 
(e.g.,  lighting  areas  only  when  they  'ire  occupied  rather  than  during  specified 
periods).  EnerQi'  efCciency  means  providing  the  same  type  and  level  of  energy 
service  with  less  total  energy  (e.g.,  using  more  efficient  lamps  to  provide  the 
desired  lighting  level).  Since  energy  conservation  is  strongly  linked  to  the 
preferences  and  behaviour  of  various  economic  agents  (such  as  households,  firms, 
and  governments),  policies  aimed  at  achieving  it  are  more  likely  to  lead  to 
ambiguous  conclusions.  Consequently,  most  studies  focus  on  energy  efficiency.^ 
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A  fossil  fuel  switch  alters  the  mix  of  fossil  fuels  in  favour  of  the  less 
carbon-intensive  ones  such  as  natural  gas  (and  perhaps  oil)  and  away  from  coal. 
Nuclear  energy  substitutes  for  fossil  fuels  as  primary  energy.  Renewable  energy  is 
characterized  by  an  extensive  natural  supply,  which  is  vast  compared  to  current 
levels  of  commercial  energy  use,  and  by  a  large  long-term  potential  because  of  its 
regeneration  capability.  Mobilization  of  this  natural  supply  can  in  some  cases 
result  in  severe  environmental  and  societal  impacts. 

Removal  technologies  (option  5)  extract  carbon  in  one  form  or  another 
from  an  energy  conversion  process  even  before  it  has  entered  the  atmosphere. 
Subsequently,  the  carbon  has  to  be  utilized,  stored,  or  disposed  of.  Option  6  is  in 
essence  outside  the  energy  area.   It  aims  at  binding  carbon  after  it  is  combusted 
and  dispersed  throughout  the  atmosphere  by  combating  deforestation  or  by 
afforestation.^  It  may  also  refer  to  activities  designed  to  preserve  or  enhance 
carbon  uptake  by  soils. 


7.22  Adaptation  Options 
Adaptation  options  have  two  purposes: 

— .  1.  to  reduce  the  damages  from  climate  change 

2.  to  increase  the  resilience  of  societies  and  ecosystems  to  the  aspects  of 
climate  change  that  cannot  be  avoided. 

Clearlyr-adaptation  measures  are  interlinked  with  mitigation  measures.  The  more 
one  succeeds  in  limiting  climate  change,  the  easier  it  will  be  to  adapt  to  it.  This 
is  notwithstanding  the  fact  that  there  can  be  reasons  for  supporting  adaptation 
measures  in  their  own  right.  Three  types  of  adaptation  measures  are  commonly 
distinguished:  protection,  retreat,  and  accommodation. 

As  far  as  the  costs  of  adaptation  options  are  concerned,  one  can  either 
focus  on  the  opportunity  cost,  in  other  words,  assessing  the  welfare  implications  of 
no-action  scenarios,  or  on  the  net  investment  cost  involved  with  adaptation 
measures.   Since  Chapter  6  of  this  report  focuses  on  the  former,  iii-Section  7.5  of 
this  chapter  we-will  mainly  consider  the  latter. 

7.23  Inured  Policy  Options 
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Potential  climate  change  is  perceived  as  a  problem,  mainly  because  it  would 
interfere  with  the  world's  economic,  social,  and  ecological  systems,  and  eventually 
with  its  political  system.  Just  as  the  precise  scope  and  risks  of  climate  change  are 
subject  to  uncertainty,  so  is  tlie  future  development  of  technology,  resources,  and 
the  organization  and  structure  of  the  economic,  social,  and  political  systems. 
However,  it  seems  most  likely  that  the  changes  of  the  global  climate  and  the 
structural  changes  of  the  economic  and  political  system  differ  significantly  in  at 
least  one  respect:  the  speed  or  time  lag  of  changes  to  be  expected.   Whereas 
possible  severe  global  climate  change  generally  is  expected  to  take  approximately 
50  to  100  years  (although  exceptions  can  be  possible),  the  economic,  social,  and 
political  systems  may  change  several  times  within  a  similar  period. 

This  difference  poses  a  fundamental  dilemma  when  assessing  the  various 
response  options  to  climate  change:  the  changing  climate  system  has  to  be 
superimposed  on  economic,  social,  and  political  systems  that  are  in  constant  flux 
due  to  numerous  factors,  with  (potential)  climate  change  being  only  one  of  them. 
This  dilemma  significantly  complicates  the  assessment  process,  and  even  more  the 
process  of  formulating  policy  options  based  thereon.   However,  recent  history  has 
taught  that  if  there  is  a  strong  political  consensus  about  the  need  to  take  action, 
such  actions  can  be  undertaken  vigorously,  as  in  the  case  of  the  Montreal  Protocol 
(see  Benedick,  1991)  and  the  Convention  on  International  Trade  in  Endangered 
Species. 

Indeed,  climate  and  ecological  change  are  by  no  means  the  only  factors 
that  will  enforce  a  deep  modification  of  the  present  economic  situation  and  that 
may  pose  serious  problems  to  society.   Other  evolutionary  trends  and  structural 
adjustment  processes  -  driven  by  such  forces  as  population  growth,  urbanization, 
information  technologies  and  their  dissemination,  the  international  mobility  of 
labour  and  capital,  the  competition  for  natural  resources,  and  the  pattern  and 
speed  of  technological  progress  (e.g.,  in  waste  management  and  in  redesigning 
products)  -  may  be  expected  also  to  play  an  important  role  in  shaping  the 
economic,  political,  and  social  systems  of  tomorrow,  especially  if  the  policymakers' 
time  horizon  is  at  most  a  few  decades  if  not  shorter.  To  illustrate.  Western 
nations  may  well  face  a  combination  of  problems,  such  as  urban  decay, 
unemployment,  massive  migration,  and  changing  patterns  of  economic 
competitiveness  that  may  easily  attract  more  public  and  political  attention  than 
the  climate  change  issue. 

All  these  problems  already  call  for  response  options,  for  instance,  in  the 
sphere  of  consumption  and  lifestyle  policies,  population  and  migration  policies, 
technology  and  environmental  policies,  structural  and  sectoral  adjustments  or 
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trade  policies,  or  redistribution  policies.  Virtually  all  these  policies  will  also, 
albeit  indirectly,  greatly  affect  energy  use  and  thus  the  global  climate. 

An  effective  climate  change  response  strategy  should  therefore  pay 
attention  to  the  possibilities  of  joining  climate  change  response  options  with 
responses  to  other  socioeconomic  transition  phenomena,  so  as  to  increase  the 
probabilities  of  actual  implementation. 

Examples  of  this  approach  can  be  found  in  applications  of  the  integrated 
systems  approach.  For  instance,  in  many  developing  countries  crop  agriculture  is 
at  present  highly  dependent  on  energy  use,  both  directly  and  indirectly,  and 
farmers  have  to  depend  on  outside  sources  for  much  of  their  energy  supply.  In 
addition,  many  of  these  agricultural  systems  are  based  on  monocultures  (e.g.,  high- 
yielding  varieties  of  wheat  and  rice,  which  increase  soil  exhaustion  and  are  more 
vulnerable  to  massive  infestations  of  pests  and  disease.  Alternatives  like  low- 
external  input  sustainable  agriculture,  however,  are  reportedly  claimed  to  lower 
the  need  for  external  and  energy-intensive  inputs  and  to  increase  productivity  in 
farming  in  ain  ecologically  robust  way  while  at  the  same  time  reducing  concerns 
for  national  food  security  (Reijntjes  et  al.,  1992). 

Still,  another  example  of  a  "multifunctional  system"  is  wave  energy.  In  that 
case  the  production  of  energy  is  combined  with  other  functions,  such  as  coastal 
protection  or  water  desalination.   However,  this  technology  may  also  have  adverse 
environmental  side  effects.  All  these  systems  can  be  particulary  promising  if 
applied  on  a  relatively  small  scale  in  developing  countries. 

13.  Criteria  For  Assessment 

In  discussing  the  assessment  of  response  options,  the  application  possibilities  of 
the  options  themselves  are  evaluated  rather  than  the  policies  that  may  be 
expected  to  cause  the  various  options  to  be  applied  or  withdrawn.  Insofar  as  the 
assessment  of  these  policies  is  concerned,  the  reader  is  referred  to  Chapter  8. 

From  a  methodological  point  of  view  one  can  distinguish  between  two 
fundamentally  different  approaches  for  assessing  response  options.  These 
approaches,  however,  should  not  be  confused  with  the  distinction  -  which  has 
drawn  a  lot  of  attention  in  the  literature  -  between  top-down  and  bottom-up 
modelling  (see  also  Chapter  8).  On  the  one  hand,  the  financial  costs  of  the 
various  technologies  can  be  expressed  in  terms  of  CO^  emission 
reduction/absorption.  This  could  be  called  the  "engineering  efficiency"  approach. 
On  the  other  hand,  an  assessment  of  the  various  options  could  be  made  in  the 
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tradition  of  welfare  economics.  According  to  this  line  of  thinking,  determining  the 
costs  and  benefits  of  the  application  of  any  particular  technology  should  include 
an  assessment  of  the  opportunities  foregone  by  the  allocation  of  the  resources. 
This  could  be  called  the  "welfare  economic"  approach.  Other  categorizations  of 
the  assessment  approach  are  also  conceivable.  In  Chapter  8,  for  instance,  the 
assessment  is  differentiated  according  to  the  level  of  aggregation  (e.g.,  the 
aggregate  national  level  or  the  level  of  a  single  project).  However,  such  a 
differentiation  was  not  considered  crucial  for  the  tepkpi|rpia5<|  of  the  present 
chapter,  which  is  to  provide  a  generic  assessment  of  the  various  response  options. 

An  afforestation  programme  may  serve  to  illustrate  the  differences  between 
these  approaches.  What  investment  has  to  be  made  to  achieve  a  predetermined 
target  in  terms  of  net  COj  absorption  during  some  time  interval?  Using  the 
engineering  efficiency  approach,  one  would  try  to  determine  the  discounted  value 
of  the  costs  of  land  acquisition,  tree  planting,  maintenance,  security,  and  other 
needs.  Any  future  (sustainable)  harvesting  returns  would  equally  be  discounted, 
so  that  the  net  levelized  costs  could  be  determined  in  dollars.   On  the  basis  of  this 
information,  and  by  comparing  this  option  with  other  options'  cost-efficiencies, 
one  could  then  decide  whether  or  not  to  proceed. 

However,  if  the  welfare  economic  approach  is  taken,  the  overall  assessment 
may  be  quite  different.  By  using  the  land  for  afforestation  purposes,  the 
possibility  of  using  the  same  land  for  agricultural  purposes  is  foregone.  It 
therefore  matters  a  great  deal  if  the  area  has  agricultural  potential  or  not.  If  so, 
the  local  population  may  well  be  forced  to  migrate  or  else  to  suffer  income  losses. 
Moreover,  the  afforestation  programme,  if  applied  on  a  large  scale,  may  have 
additional  impacts,  either  positive  or  negative,  (e.g.,  through  its  effect  on  local 
climate  and  soil  fertility,  social  and  cultural  life,  on  infrastructure,  tourism,  etc.). 
Ensuring  that  such  side  effects  are  beneficial  depends  on  the  establishment  of 
effective  monitoring  and  extension  services  at  the  local  level.  In  the  assessment, 
attention  can  also  be  paid  to  the  distorting  impact  of  government  measures,  such 
as  subsidies  and  taxes,  on  the  efficiency  of  the  forestry  option.   If  all  the  direct 
and  indirect  welfare  consequences  of  the  envisaged  afforestation  programme  are 
going  to  be  assessed,  an  extensive  and  complicated  social  cost-benefit  type  of 
analysis  may  well  be  called  for,  because  not  all  aspects  can  be  quantified  or 
monetized  (see  also  Chapter  4  [IS  THIS  REFERENCE  CORRECT?]). 

A  priori,  there  is  no  reason  why  the  outcomes  of  the  engineering  efficiency 
and  welfare  economic  assessments  of  the  same  project  would  coincide.  The  costs 
of  the  land  in  monetary  terms  may  not  fully  reflect  the  land-use  opportunity  costs 
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in  welfare  terms,  because  in  the  former  no  full  account  is  taken  of  indirect  effects, 
nonmaterial  consequences,  distributional  impacts,  and  externalities. 

In  short,  the  major  distinction  between  the  cost  assessment  methodology  in 
both  approaches  is  that  the  engineering  efficiency  approach  basically  starts  from 
the  evaluation  of  a  project  from  the  narrow  perspective  determined  by  the  project 
boundaries,  whereas  the  welfare  economic  approach  attempts  to  take  account  fully 
of  the  various  interests  and  impacts  inside  and  outside  the  societies  concerned, 
including  the  external  effects  and  the  social  and  political  acceptability  of  the 
options.  A  welfare  economic  approach  would  therefore  imply  an  assessment 
based  on  a  general  equilibrium  model,  an  exercise  which  is  conspicuous  by  its 
almost  total  absence  in  the  literature.  In  this  chapter,  therefore,  response  options 
are  evaluated  on  the  basis  of  important  opportunity  costs  and  externalities. 

In  actual  practice,  even  public  agents  may  not  be  fully  aware  of  the  various 
externalities  and  indirect,  nonmaterial,  and  distributional  impacts  of  the 
application  of  response  options.  For  one  reason  (e.g.,  pressure  from  special 
interest  groups),  they  may  not  want  to  take  these  various  aspects  into  account. 
For  another,  the  information  available  for  a  full  welfare  assessment  may  simply  be 
insufficient.   What  is  more,  even  if  all  information  for  assessing  the  various 
options  is  available,  obstacles  in  setting  up  the  institutional  machinery  can  impose 
serious  bottlenecks,  so  that  appropriate  action  will  not  follow. 

As  preceding  chapters  have  already  noted  extensively,  a  welfare  economic 
assessment  of  climate  change  response  options  faces  some  large  practical 
obstacles,  particularly  in  the  developing  countries.   First,  the  policy  priorities, 
especially  with  respect  to  the  greenhouse  issue,  will  often  differ  from  those  in 
industrialized  countries.  Second,  information  about  externalities  at  the  local  level 
may  not  fully  reach  the  public  sector  because  of  limitations  in  data  collection, 
processing,  and  communication;  vice  versa,  policies  dealing  with  externalities  may 
fail  to  reach  part  of  the  local  population.  Third,  most  developing  countries  face  a 
severe  lack  of  institutional  and  human  capacity  to  deal  with  these  issues. 

The  general  impression  also  arises  that  optimism  about  the  potential  of 
technology  is  larger  in  the  engineering  efficiency  approach  than  in  the  welfare 
economic  approach;  in  the  latter  the  emphasis  is  more  on  the  obstacles  in  society 
to  absorbing  and  applying  new  technologies.  This  distinction  can  be  related  to 
various  aspects  of  the  economy-of-scale  concept,  notably: 

a)        average  costs  may  decrease  at  a  larger  scale  of  application  (internal 
economies  of  scale); 
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b)  costs  of  a  given  option  may  decrease  when  other  options  are  applied  on  a 
larger  scale  because  of  positive  external  effects  (external  economies  of 
scale); 

c)  costs  may  decrease  as  the  application  time  progresses  (learning  effects); 

d)  costs  may  increase  at  a  larger  scale  of  application  due  to  increasing 
resistance  and  bottlenecks  related  to  social,  political,  and  environmental 
concerns  and  to  increasing  opportunity  costs.  Afforestation  projects  often 
provide  a  clear  example; 

e)  costs  may  increase,  because  achieving  the  required  rate  of  diffusion  of 
technologies,  public  education,  and  lifestyle  changes  may  become 
increasingly  difficult  on  a  larger  scale.  This  problem  may  be  particulary 
relevant  if  response  technologies  require  a  high  level  of  technical  expertise. 

If  one  focuses  mainly  on  items  (a)  to  (c),  optimism  about  the  options' 
economic  potential  may  rise.  This  is  the  perspective  taken  by  the  engineering 
efficiency  approach.  If,  however,  one  focuses  instead  on  items  (d)  to  (e),  one 
might  easily  take  a  much  more  pessimistic  view,  which  is  associated  with  the 
welfare  economic  perspective. 

A  separate  issue  in  comparing  the  feasibility  of  these  options  is  that  the 
various  studies  differ  in  the  extent  to  which  they  take  the  energy  costs  and 
benefits  of  the  options  into  account.  The  application  of  some  options,  such  as 
capture  and  disposal,  requires  significant  energy  inputs,  which  are  often  denoted 
as  energy  penalties;  other  options,  such  as  nuclear  or  renewable  energy,  besides 
achieving  a  carbon  emission  reduction,  also  produce  energy  and  are  therefore 
substituting  for  traditional  fossil  energy  resources.  This  consideration  implies  that 
one  could  distinguish  between  gross  and  net  energy  costs,  the  latter  being  gross 
costs  minus  the  benefits  of  avoided  fossil  energy  production.  In  TNO  (1992)  both 
cost  functions  have  been  derived  for  the  EU;  differences  between  gross  and  net 
costs  turned  out  to  be  notably  relevant  for  the  options  of  energy  saving,  renewab- 
les,  nuclear  energy,  and  energy  farming  (see  Figure  7.2). 


Figure  12.  Options  for  COj  emission  reduction  in  the  EU,  net  and  gross  costs, 

and  effectiveness. 
Source:  TNO,  1992,  p.5. 
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A  comparable  issue  is  how  costs  have  to  be  ascribed  to  the  various 
reductions  that  are  achieved  with  the  help  of  the  investment  made.   More  often 
than  not,  investments  made  for  economic  and/or  environmental  reasons  have 
changes  in  greenhouse  gas  emission  as  a  side-effect.  Many  no-regrets  options 
belong  to  this  category.  The  question  then  becomes  how  precisely  to  relate  the 
investment  costs  to  the  greenhouse  effect. 

In  any  case,  from  the  above  it  is  clear  that  an  assessment  based  on  the 
engineering  efficiency  approach  alone  may  easily  create  a  biased  view.  A  more 
complete  assessment  must  recognize  different  priorities  within  countries,  the 
impact  of  externalities,  the  political  acceptability  at  various  levels,  and  a  variety  of 
distributional  aspects.  In  this  respect  it  seems  that,  although  both  approaches 
raise  analytical  concerns  that  need  to  be  addressed,  a  high  priority  item  for  both 
should  be  to  pay  attention  to  the  special  position  of  developing  countries  as  well 
as  of  countries  in  transition. 

In  other  chapters  (especially  Chapters  8  and  9)  the  need  to  reconcile  the 
various  types  of  analyses  of  the  costs  of  energy-related  greenhouse  gas  mitigation 
has  been  underlined.  There  is  indeed  a  growing  convergence  of  detailed  (bottom- 
up)  analyses  of  technological  options  and  more  aggregate  (top-down)  analyses  of 
economic  effects,  so  that  differences  in  results  can  increasingly  be  attributed  to 
differences  in  input  assumptions  rather  than  to  differences  in  model  structure. 
However,  notwithstanding  the  current  progress  in  greenhouse-related  modelling, 
there  are  fewer  studies  for  economies  in  transition  or  developing  country 
economies.   Moreover,  where  the  potential  for  political,  social,  and  economic 
change  in  these  economies  is  great,  future  predictions  are  probably  more 
uncertain.  In  view  of  the  structural  changes  that  are  underway  in  these  regions, 
further  improving  the  understanding  of  the  potential  for  reducing  or  absorbing 
greenhouse  gas  emissions  in  these  economies,  particularly  their  sensitivities  to 
other  important  considerations  such  as  economic  and  technological  development, 
is  imperative. 


7.4.  Mitigation  Options 

This  section  will  treat  mitigation  options,  as  listed  in  Section  7.2.1,  in  some  detail, 
along  with  their  costs  and  potential. 

7.4.1  Energy  Conservation  And  Efficiency  Improvement 
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In  order  to  put  the  ener©'  efficiency  option  into  a  proper  perspective,  the 
Kaya  identity  (Yamaji  et  al.,  1991  [CHAPTER  1  CITES  KAYA,  1989.  DO  YOU 
WANT  TO  CHANGE  THIS?])  may  provide  a  useful  starting  point: 

C02  =  (C02/E)x(E/GDP)x(GDP/P)xP 

(E  =  energy  consumption;  GDP  =  gross  domestic  product;  P  =  population) 

If  population  growth  is  given  and  the  future  levels  of  GDP  per  capita  are 
predetermined,  a  given  C02-emission  reduction  target  can  only  be  achieved  by  a 
reduction  in  carbon  intensity  (COj/E)  and/or  energy  intensity  (E/GDP).  The 
need  to  reduce  carbon  and  energy  intensities  becomes  stronger,  the  higher  the 
growth  rate  of  population  and  the  more  ambitious  the  targets  that  are  set  with 
respect  to  GDP  increase.  This  relationship  obviously  reinforces  the  need  to  pay 
specific  attention  to  developing  countries. 

Historically,  carbon  and  energy  intensities  in  most  countries  have  tended  to 
decline  due  to  ongoing  technological  change  and  evolution.   Energy  intensity  per 
unit  of  value  added  has  been  decreasing  at  a  rate  of  about  1%  per  year  since  the 
1860s  and  at  about  2%  per  year  (evefl-2.6%  in  lEA  member  countries  during 
1980-1984)  in  most  Western  countries  in  the  1970s  and  much  of  the  1980s 
(Nakicenovic  et  al.,  1993).   However,  the  differences  between  the  various 
countries  are  enormous,  both  in  terms  of  the  levels  of  energy  intensity  and  its 
direction  in  the  course  of  time.   Moreover,  the  carbon  and  energy  intensity  in  a 
number  of  large  rapidly  growing  developing  countries  today  is  much  higher  than 
in  virtually  all  presently  industrialized  countries  at  a  similar  stage  of  technological 
development  (Nakicenovic  et  al.,  1993).  Also,  in  contrast  to  the  postwar  trend 
noticed  in  industrialized  countries,  some  developing  countries  have  not  succeeded 
in  reducing  energy  intensities. 

Indeed,  within  each  group,  countries  do  vary  in  terms  of  the  capacity, 
whether  potential  or  realized,  to  restrict  carbon  emissions  through  energy 
efficiency.   Moreover,  within  a  given  country,  not  all  sectors  have  a  similar  energy 
efficiency.   During  1973-1988,  for  example,  the  estimated  energy  intensity  in  Japan 
fell  by  more  than  35%  (Ogawa,  1992),  with  the  energy  intensity  of  electric 
refrigerators  falling  by  nearly  67%  between  1973  and  1987  and  the  efficiency  of 
motorcars  increasing  from  around  9.4  to  about  13  km/litre  (49%).   During  the 
same  period,  the  USA,  (the  then)  West  Germany,  and  France  lowered  their 
energy  intensities  by  27%,  22%  and  17%  respectively,  and  TEA  member  countries 
by  25%(IEA/OECD,  1991).   In  most  cases,  changes  have  been  most  apparent  in 
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the  industrial  sector.  However,  low  oil  prices  and  economic  recession  caused  a 
slowdown  in  energy  intensity  reduction  in  the  late  1980s  and  early  1990s. 

Over  the  1980s,  various  developing  countries  managed  to  lower  their 
industrial  energy  intensity:  China  by  approximately  30%  (Huang,  1993),  Taiwan 
(between  1970  and  1985)  by  some  40%  (Li,  Shrestha,  and  Foell,  1990),  and  the 
Republic  of  Korea  by  44%  (Park,  1992).  However,  in  other  countries,  such  as 
Nigeria  (Nakicenovic  et  al.,  1993),  Egypt  (Abdel-Khalek,  1988),  and  Mexico 
(Guzman  et  al.,  1987),  energy  intensity  actually  increased.  In  addition,  Imran  and 
Barnes  (1990)  have  reported  energy  intensity  increases  in  Brazil  (  +  20%),  Pakistan 
(+26%),  India  (+25%),  and  Malaysia  (+48%)for  the  period  1970-1988. 

Changes  in  aggregate  energy  intensity  must  be  viewed  with  caution, 
however,  as  they  depend  on  how  energy  use  and  economic  output  are  measured. 
In  Brazil,  for  example,  official  figures  show  overall  energy  intensity  remaining 
roughly  constant  during  1973-1988.  However,  if  hydropower  is  counted  based  on 
its  direct  energy  content  and  GDP  is  corrected  to  reflect  purchasing  power  parity 
with  the  dollar,  then  overall  energy  intensity  declined  21%  during  1973-1988 
(Geller  and  Zylbersztajn,  1991). 

Carbon  intensity,  the  other  variable  in  the  Kaya  identity,  also  shows  a 
declining  trend  globally.   From  1860  to  the  present,  carbon  emissions  per  unit  of 
primary  energy  consumed  have  come  down  by  about  0.3%  per  year,  or  from  over 
0.8  to  somewhat  over  0.5  tC/kWyr  (Nakicenovic  et  al.,  1993).   Clearly, 
decarbonization  can  be  achieved  by  a  variety  of  options,  such  as  fossil  fuel 
switching  and  using  nuclear  and  renewable  energy  as  fossil  fuel  substitutes. 
However,  various  projections  with  respect  to  developing  countries  indicate  that, 
without  serious  policies  and  changing  trends,  not  only  will  total  emissions  increase 
rapidly  but  also  carbon  emissions  may  increase  faster  than  GDP  because  demand 
for  energy  services  is  switching  from  regenerating  biofuels  to  fossil  fuels  (for  India, 
for  instance,  see  Mongia,  Bhatia,  Sathoye,  and  Mongia,|^||/.,  1991). 

The  two  factors  that  underlie  reduced  energy  intensities  are  improvements 
to  the  energy  efficiency  of  individual  production  processes  and  structural  changes 
in  the  economy  (in  particular,  the  increasing  economic  predominance  of  less 
energy  intensive  sectors,  such  as  many  of  the  service  sectors,  and  the  energy 
efficiency  of  spatial  planning).  Only  a  few  studies  explicitly  incorporate  the 
impact  of  structural  changes.   Most  focus  on  energy  efficiency  measures,  which  are 
generally  considered  to  be  the  most  relevant  factor.'*  To  illustrate,  it  was 
estimated  that  energy  efficiency  improvements  were  responsible  for  about  three- 
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quarters  of  the  26%  reduction  in  U.S.  energy  intensity  during  1973-1986 
(Scliipper,  Howarth,  and  Geller,  1990). 

Disregarding  the  impact  of  structural  shifts  on  energy  intensity  in  an 
intercountry  comparison  may  easily  create  a  biased  view,  because  the 
industrialized  economies  have  generally  shifted  away  from  the  highly  energy- 
intensive  secondary  towards  the  less  energy-intensive  tertiary  sector  (a  process 
known  as  "dematerialization"),  whereas  the  developing  countries  in  general  are 
increasingly  entering  the  secondary  sector. 

Among  virtually  all  studies,  there  is  a  broad  consensus  on  the  virtue  of 
energy  efficiency  improvement.   Moreover,  it  is  seen  as  directly  beneficial, 
irrespective  of  whether  greenhouse  warming  will  take  place  or  not,  as  long  as 
reductions  are  achieved  at  a  negative  net  cost  (no-regrets  policy). 

One  basic  reason  why  the  energy  efficiency  improvement  potential  is 
considered  substantial  is  that  the  ratio  of  useful  energy  (i.e.,  the  amount  of  energy 
that  provides  useful  services)  to  overall  primary  energy  (i.e.,  the  amount  of 
energy  recovered  or  gathered  directly  from  natural  sources)  is  estimated  at  only 
34%  globally.   It  is  lowest,  at  22%,  in  the  developing  countries  and  highest,  at 
42%,  in  the  countries  in  transition.   (Nakicenovic  and  Griibler,  1993).  This  ratio, 
in  turn,  is  the  product  of  two  other  ratios: 

the  final  energy  (energy  delivered  to  the  point  of  consumption)  to  primary 
energy  ratio  (with  a  global  average  of  74%,  a  maximum  of  80%  in  the 
developing  countries,  and  a  minimum  of  69%  in  the  countries  in 
transition),  and 

the  useful  energy  to  final  energy  ratio  (with  an  average  of  46%  globally, 
28%  in  the  developing  countries,  53%  in  the 'industrialized  countries,  and 
60%  in  the  countries  in  transition). 

These  numbers  suggest  that  the  scope  for  improving  energy  efficiency  is 
particularly  promising  with  regard  to  increasing  the  useful-to-final  energy  ratio. 
Efficiencies  are  lowered  further  if  seen  from  an  "exergy"  point  of  view,  that  is,  if 
the  actual  services  (work)  supplied  by  the  energy  source  are  related  to  the 
corresponding  inputs  minimally  required:  the  exergy  efficiency  of  primary  inputs  in 
the  market  economies  is  only  a  few  percent  (i.e.,  of  the  order  of  2.5-5%)  if  the 
energy  service  is  fully  taken  into  account. 
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Indeed,  a  back-of-the-envelope  calculation  shows,  that  if  energy  efficiencies 
of  the  current  stnicture  of  the  OECD  technologies  were  disseminated  throughout 
the  world,  global  primary  energy  requirements  would  come  down  by  17%,  from  12 
to  10  TWyr/yr.  If,  instead,  the  best  available  technologies  instantaneously 
replaced  the  current  ones,  without  altering  the  energy  system  structure,  global 
annual  primary  energy  requirements  would  decline  to  7.2  TWyr/yr  (Nakicenovic 
and  Griibler,  1993).  A  similar  exercise  assuming  that  Japanese  industrial 
efficiency  levels  would  diffuse  globally  shows  an  estimated  industrial  carbon 
reduction  potential  of  some  730  MtC  worldwide,  mainly  in  the  steel,  chemical, 
and  cement  industries  (Matsuo,  1991). 

Clearly,  energy  end  use  is  the  least  efficient  part  of  energy  systems,  and  it 
is  in  this  area  that  improvement  would  bring  the  greatest  benefits.   Most  studies 
suggest  that  a  large  potential  for  reducing  energy  consumption  exists  in  many 
sectors  and  regions,  while  at  the  same  time  acknowledging  that  institutional, 
economic,  and  social  barriers  may  delay  or  inhibit  the  achievement  of  full 
efficiency  potentials  in  the  near  future.  A  review  of  twelve  studies  of  long-term 
energy  efficiency  potential  found  that  in  many  regions  of  the  world  full  adoption 
of  cost-effective  energy  efficiency  measures  could  reduce  carbon  emissions  by  40% 
or  more  over  the  medium  to  long  term,  compared  to  business-as-usual  trends 
(Geller,  1994).   An  illustrative  example  that  is  related  to  the  OECD  area  is 
lEA/OECD  (1991),  as  showTi  in  Table  7.1.  In  this  respect  it  should  be  mentioned 
that  several  policy  and  regulatory  reforms  have  recently  begun  to  address  some  of 
these  barriers.   In  the  U.S.,  for  example,  more  than  30  states  have  adopted  or 
experimented  with  regulatory  reforms  since  1989  to  promote  demand-side 
management  (DSM)  and  to  encourage  integrated  resource  planning  (IRP). 

[Table  7.1] 


Other  studies  focus  on  the  energy  efficiency  improvement  potential  by 
analyzing  major  energy  end  use,  (e.g.,  Blok  et  al,  1991;  OTA  1991;  COSEPUP, 
1991;  Goldemberg  et  al.,  1988;  Kaya  et  al.,  1991;  Gupta  and  Khanna,  1991;  and 
ESCAP,  1991)  or  focus  on  specific  sectors.  To  illustrate,  recent  estimates  for  the 
U.S.  show  energy  saving  potentials  of  45%  in  buildings,  30%  in  industries,  and 
30%  in  cars  (Rubin  et  al.,  1992;  DeCicco  and  Ross,  1993).  In  rural  areas  of 
developing  countries,  to  give  another  example,  the  efficiency  of  wood  and 
charcoal-fuelled  cook  stoves  can  be  increased  from  a  range  of  10-20%  to  25-35% 
using  improved  stove  designs  at  a  capital  cost  of  under  $10  per  stove.  Cooking 
efficiency  can  be  further  increased  to  the  40-65%  range  by  shifting  from  biomass- 
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based  fuels  to  kerosene,  liquefied  petroleum  gas  (LPG),  or  electricity,  but  at  a 
significantly  higher  capital  cost  (U.S.  Congress,  1992). 

Energy  efficiency  gains  may  be  particularly  promising  in  the  following 
sectors:  power  production,  transportation,  steel  and  cement  production,  and 
residential.  However,  the  relative  ranking  of  sectors  in  terms  of  energy  efficiency 
improvement  potential  is  highly  dependent  on  whether  or  not  both  the  direct  and 
indirect  requirements  of  energy  are  taken  into  account,  in  other  words,  if 
interindustry  demands  are  included  during  sectoral  comparisons.  A  comparative 
study  of  India  (Parikh  and  Gokam,  1993)  shows,  for  instance,  that  if  direct  carbon 
emission  due  to  fossil  fuel  use  is  considered,  then  electricity  generation  tops  the 
list  of  total  emissions  (one-third  of  the  total).  However,  if  direct  and  indirect 
emissions  are  taken  into  consideration,  the  construction  sector  emerges  as  the 
largest  carbon-emitting  sector  in  India  (22%  of  total). 

The  issue  of  energy  conservation  and  efficiency  in  the  developing  countries 
differs  in  some  respects  from  the  issue  in  industrialized  countries.   First,  often  a 
substantial  part  of  the  demand  for  energy  is  met  from  renewable  energy  sources 
like  biomass.  This  is  likely  to  remain  so  in  the  short  to  the  medium  run,  and 
there  are  estimates  to  show  that  the  scope  for  conservation  of  biomass  is 
enormous  in  these  countries.   One  reason  is  that  cooking  with  traditional  biomass 
fuels  is  technically  very  inefficient,  although  not  necessarily  from  a  socioeconomic 
perspective  (U.S.  Congress,  1992).   Second,  energy  efficiency  in  industrial 
activities  generally  showed  little  or  no  improvement  (Imran  and  Barnes,  1990). 
Third,  the  demand  for  electricity  is  growing  at  a  rate  that  is  often  hard  to  keep  up 
to:  there  are  developing  countries  that  have  allocated  a  quarter  to  a  third  of 
public  investment  to  generation  of  power,  and  even  this  is  sometimes  inadequate 
to  meet  the  growing  demand  (World  Bank,  1993).   However,  due  to  the  presently 
low  level  of  energy  efficiency  in  the  developing  countries  and  the  consequently 
large  scope  for  improvement,  the  potentials  for  energy  saving  in  these  countries 
are  considered  somewhat  similar  in  magnitude  to  those  in  industrialized  countries 
at  present,  notwithstanding  adverse  factors  such  as  the  fast  growth  in  commercial 
energy  use  and  the  increasing  weight  of  the  industrial  sectors  (Ewing,  1985; 
Levine  et  al.,  1991;  U.S.  Congress,  1992).  Finally,  the  the  energy  market  in 
developing  countries  is  often  distorted  by  energy  pricing  policies. 

By  contrast,  energy  conservation  may  be  achieved  somewhat  more  easily  in 
the  industrialized  countries,  insofar  as  a  trend  towards  lower  material  and  energy 
consumption  appears  to  be  underway.   Various  indicators,  such  as  the  increasing 
service  orientation  of  the  industrial  economies,  seem  to  point  in  this  direction. 
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Much  of  the  discussion  seems  to  focus  increasingly  on  the  extent  to  which 
improved  energy  efficiency  and  conservation  can  be  economically  viable  in  the 
present  while  saving  energy  and  reducing  CO2  emissions  (a  no-regrets  option). 
Optimism  about  the  scope  for  no-regret  options  generally  is  much  greater  among 
proponents  of  the  bottom-up  approach  than  amongst  those  adhering  to  top-down 
methodologies.^ 

Various  studies  have  been  carried  out  focusing  on  both  the  potential  for 
carbon  emission  reduction  via  energy  efficiency  improvement  and  the  net  costs 
involved.  An  overview  of  the  potential  for  emission  reductions  in  the  industrial 
sector  is  presented  by  Griibler  et  cd.  (1993a)  in  Table  7.2.  They  argue  that  a 
potential  reduction  of  920  MtC  (over  40%  of  current  emissions)  could  be 
achieved  overall.  Of  this,  372  MtC  could  be  achieved  at  net  negative  or  modest 
positive  costs  (with  about  two-thirds  of  this  amount  coming  from  the  countries  in 
transition).  These  estimates  disregard  the  potential  for  fuel  switching  and  for 
decarbonizing  the  electricity  supply  and  assume  an  armuity  rate  of  10% 
throughout  the  lifetime  of  the  investment. 

The  choice  of  a  financial  discount  rate  is  an  important  factor  in  evaluating 
the  cost-effective  energy  efficiency  potential  in  a  particular  sector  or  region. 
Studies  that  have  tried  to  assess  the  implicit  consumer  discount  rates  of  household 
investments  in  energy  efficiency  reveal  ranges  that  vary  (depending  on  income 
classes  and  other  factors)  from  only  a  few  percent  to  well  over  50%.  Train  (1985) 
found  a  range  of  10-32%  for  improvements  to  the  thermal  integrity  of  buildings, 
4-36%  for  space  heating  and  fuel  type,  3-29%  for  air  conditioning,  39-100%  for 
refrigerators,  and  18-67%  for  other  home  appliances. 

[Table  7.2] 

Thus,  it  is  clear  that  the  scope  estimated  for  no-regrets  options  is  crucially 
dependent  on  the  discount  factor  employed.  If  one  were  to  use  an  interest  rate 
(whether  based  on  market  or  normative  considerations)  that  is  considerably  lower 
than  that  applied  by  the  actual  investor  or  consumer,  a  no-regrets  option  will  not 
materialize,  even  if  access  to  information  and  the  availability  of  human  capacity 
and  financial  resources  do  not  provide  any  serious  bottlenecks.   However,  the 
practical  situation,  especially  at  the  grassroots  level  in  developing  countries  and 
countries  in  transition,  is  such  that  even  the  latter  conditions  are  seldom  fulfilled. 

Consider,  for  example,  the  problem  of  how  to  increase  energy  efficiency  in 
the  consumption  of  wood  fuels  in  the  developing  countries.   Here  institutional 
measures  and  proper  distribution  (keeping  in  view  local  societal  and  cultural 
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factors)  are  probably  quite  important.   Popularizing  energy-efficient  cooking 
stoves  among  hundreds  of  thousands  of  households  would  necessitate  efforts  at 
many  levels.  Suitably  designed  credits  and,  if  necessary,  subsidies  or  tax  breaks 
may  help  in  manufacturing  the  new  stoves  in  large  numbers,  but  dissemination 
may  be  difficult  (Hurst,  1990).  Nongovernment  efforts  in  this  area  may  go  a  long 
way  in  solving  the  problem  (Asaduzzaman,  1994). 


As  a  general  remark  with  respect  to  the  above,  it  should  be  noticed^|gd 
that  a  high  implicit  discount  rate  does  not  mean  that  substantia]  energy  efficiency 
improvements  and  consequent  benefits  for  the  economy  are  not  possible.  Rather 
it  suggests  that  significant  policy  intervention  will  be  required  to  achieve  such 
improvements.  For  example,  in  spite  of  a  high  implicit  discount  rate,  the  average 
energy  efficiency  of  new  reMgerators  sold  in  the  United  States  nearly  tripled 
between  1972  and  1993.  This  large  and  steady  improvement  was  due  primarily  to 
the  adoption  of  minimum  efficiency  standards,  first  at  the  state  level  and  then  at 
the  national  level  (Geller  and  Nadel,  1994). 

The  choice  of  a  discount  rate  can  affect  the  overall  magnitude  of  energy 
efficiency  improvements  that  are  considered  economical.   Meier  (1991)  argued 
that  by  assuming  an  annual  discount  rate  of  10%  more  than  a  quarter  of  U.S. 
electricity  demand  for  refrigerators  could  be  reduced  by  cost-efficient  measures; 
using  a  30%  rate  results  in  positive  costs  for  all  these  measures.   Similarly,  the 
Committee  on  Science,  Engineering,  and  Public  Policy  (COSEPUP,  1991) 
shewshas  shown  how  the  percentage  savings  in  electricity,  at  the  point  where  the 
costs  of  conserved  electricity  equal  the  typical  operating  costs  for  an  existing  U.S. 
power  plant,  vary  according  to  the  discount  rate:  at  a  3%  rate  the  electricity 
saving  potential  is  almost  45%;  at  a  10%  rate,  it  is  about  30%;  and  at  a  30%  rate, 
it  is  about  20%. 

Notwithstanding  the  above,  a  host  of  studies  has  emerged  suggesting  a 
considerable  scope  for  no-regrets  options,  especially  in  the  household  and  tertiary 
sector  (e.g.,  Springmann,  1991;  Mills  ei  al.,  1991;  Rubin  et  al.,  1992;  Jackson,  1991; 
Blok  et  al.,  1993;  UNEP,  1993;  Robinson  et  al,  1993). 

Finally,  in  addition  to  the  potential  for  energy  efficiency  improvement, 
there  clearly  is  also  considerable  scope  for  conservation  options,  even  if  their 
assessment  often  can  only  be  somewhat  qualitative  and  impressionistic.  There 
seems  to  be  ample  opportunity  for  increasing  energy  conservation  in  the 
industrialized  countries  through  the  imposition  of  stricter  standards  with  respect  to 
energy  and  materials  use  and,  most  of  all,  through  alterations  and  adjustments  in 
lifestyles. 
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7.4.2  Fossil  Fuel  Switching 

According  to  most  studies,  the  present  dominance  of  fossil  fuels  in  global  (primary 
and  noncommercial)  energy  consumption  will  continue  to  exist  in  the  decades  to 
come.  According  to  recent  authoritative  World  Energy  Council  (WEC| 
scenarios^  (WEC  Commission,  1993;  Table  7.3),  fossil  fuels  will  account  for 
between  66%  (scenario  C,  where  renewables  are  fully  explored)  and  76% 
(scenario  A,  where  fossil  fuels  remain  dominant)  of  world  energy  consumption  in 
2020,  compared  to  77%  in  1990. 


[Table  3] 

All  the  scenarios  reflected  in  the  table  show  that: 

fossil  energy  remains  dominant; 

the  share  of  namral  gas,  environmentally  the  least  damaging  of  the  fossil 
fuels,  increases  from  the  present  quarter  to  one-third  at  most; 

the  share  of  nuclear  remains  modest; 

the  relative  potential  of  the  presently  modest  "new"  renewables  is  not 
insignificant,  as  opposed  to  the  limited  size  of  the  projected  shifts  for  large 
hydro  and  "traditional"  energy  sources  (in  this  respect,  see  also  Chapter  9 
and,  for  a  different  point  of  view,  Kassler,  1994). 

The  remaining  dominance  of  fossil  fuels  is  due  to  the  large  resource  base', 
the  strongly  vested  position  of  the  current  vintage  of  technologies,  and  price 
distortions  that  extemahze  the  environmental  costs.  Estimates  point  out  that  total 
identified  fossil  fuel  reserves  will  suffice  to  provide  for  current  (1990)  levels  of 
energy  consumption  for  the  next  130  years.*  Obviously,  this  time  span  may 
become  considerably  shorter,  as  energy  use  in  the  developing  countries  will 
increase  rapidly. 

Of  the  three  fossil  fuels,  natural  gas  is  the  least  and  coal  is  the  most 
carbon-intensive.'  Natural  gas  also  produces  minimal  sulphur  emissions  and 
vinually  no  airborne  particulates  (World  Resources  Institute,  1994).  Therefore,  a 
switch  from  coal  and/or  oil  to  natural  gas  is  to  be  seen  as  a  response  option  with 
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multiple  benefits.  Current  estimates  of  the  natural  gas  resource  base,  which  will 
likely  be  revised  upwards  in  the  future,  allow  for  a  massive  switch-over  for  the 
next  century  or  so  to  come.   If  so,  the  entailed  transition  of  the  current  vintage  of 
energy  technology  would  as  an  additional  beneficial  side-effect  pave  the  way  for  a 
broad  diffusion  of  gas  from  biomass  or  coal  gasification,  or  of  H^tr|||o|^  a 
potentially  massive  renewable  energy  source  for  later  in  the  next  century.*" 

The  costs  of  this  fuel  stem  from  retrofitting  or  replacing  the  current  vintage 
of  energy  technology  and,  in  some  cases,  building  additional  transport  grids  to 
connect  more  remote  urban  areas  with  gas  fields.  Estimates  of  the  costs  of 
switching,  even  without  extending  the  existing  networks,  depend  to  a  large  extent 
on  the  type  of  measure.  For  example,  switching  building  electricity  use  from 
electric  to  natural  gas  heating  (improving  overall  efficiency  by  60-70%)  would, 
according  to  Rubin  et  al.  (1992),  yield  a  net  benefit  of  $90/tCO2  in  constant  1989 
dollars  (assuming  a  6%  real  discount  rate).  According  to  the  same  source, 
however,  switching  coal  consumption  in  industrial  plants  to  natural  gas  or  oil, 
where  technically  feasible,  would  involve  net  direct  implementation  costs  of  some 
$60/tCO2  in  constant  1989  dollars. 

Ettinger  et  al.  (1991)  have  estimated  the  investment  costs  of  exploration 
and  extraction  for  a  fuel  switch  scenario  involving  a  natural  gas  supply  growth  rate 
of  3.3%  per  year  between  1988  and  2005  plus  the  costs  of  extending  the  existing 
supply  network  into  a  global  gas  distribution  system  (based  on  1989  data  from  the 
Dutch  Gas  Union  and  an  average  transport  distance  of  2,500  km).  They  calculate 
that  total  costs  would  be  in  the  order  of  $70  billion  gross  per  year,  corresponding 
to  $70/tC  on  average. 

However,  two  caveats  should  be  mentioned.  First,  much  of  the 
attractiveness  of  natural  gas  as  a  less  carbon-intensive  fossil  fuel  is  lost  if  a  sizable 
fraction  evaporates  into  the  air  by  leakage  during  production  and  distribution. 
This  is  due  to  the  substantially  higher  global  warming  potential  of  methane  (CH4), 
which  is  about  24.5  times  that  of  COj."   Estimates  of  common  current  leakage 
rates  range  from  0.3%  to  4%  for  distribution  and  from  0.13%  to  6%  for 
production  (Simpson  and  Anastasi,  1993).*^  The  break-even  point,  that  is,  the 
rate  at  which  the  reduced  total  warming  potential  is  just  offset  by  leakage  of 
methane,  occurs  at  9%"  for  switching  from  coal  to  gas  and  at  4%  for  switching 
from  oil  to  gas  (adopting  a  global  warming  potential  index  for  CH4  of  21).  These 
figures  point  to  the  need  for  strict  control  of  leakage  rates.'''  Additional 
questions  revolve  around  what  happens  to  leakage  rates  in  the  case  of  a  large- 
scale  fuel  switch  and  whether  leakage  rates  of  newly  built  and/or  additional  grids 
(i.e.,  marginal  leakages)  can  be  reduced. 
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Second,  the  costs  of  the  fuel  switch  option  can  also  be  approached  on  the 
basis  of  the  opportunity  cost  concept.  For  countries  such  as  China  and  India  that 
dispose  of  massive  coal  reserves  and  that  may  contribute  increasingly  in  an 
absolute  sense  to  the  global  greenhouse  problem,  the  opportunity  costs  of  fossil 
fuel  switching  may  be  considered  large,  especially  if  the  environmentzd  costs  of 
coal  are  not  taken  into  account. 


7.4.3  Renewable  Ener^  Technologies 

Today  many  technologies  have  been  developed  to  provide  energy  on  a  sustainable 
basis,  in  the  sense  that  they  harness  energy  resources  that  are  practically  imlimited 
and  require  relatively  little  additional  energy  input.   Moreover,  exploitation  of 
renewable  energy  resources  with  appropriate  technologies  has  the  advantage  of 
releasing  relatively  little  carbon  in  net  terms.*^  Consequently,  a  switch  from 
fossil  fuels  to  renewables  will  result  in  reduced  absolute  greenhouse  gas  emissions. 

However,  renewable  technologies  are  not  always  sustainable  in  the  sense  of 
being  socially  and  enviromnentally  benign.  Particularly  in  the  case  of  large-scale 
applications  in  developing  countries,  notably  of  hydropower  and  biomass,  adverse 
effects  may  arise  for  the  local  population.   Moreover,  adverse  enviromnental  side 
effects  may  occur,  such  as  smog  from  the  use  of  traditional  biomass  fuels 
(fuelwood,  dung,  and  crop  residues)  or  changes  in  biological  habitats  and  local 
climate. 

The  following  classes  of  renewable  energy  resources  are  commonly 
distinguished:  solar,  wind,  hydro,  geothermal,  ocean,  and  traditional  and  modem 
biomass.'*  To  understand  the  main  factors  that  underlie  the  costs  and  energy 
potential  of  renewables  as  a  group,  a  detailed  treatment  of  their  diversity  is 
required."  Most  of  them,  with  the  exception  of  biomass,  are  variable  in  supply, 
and  some  of  them  (especially  traditional  biomass,  wind,  and  solar)  are  relatively 
more  cost-competitive  with  fossil  sources  when  they  are  produced  on  a  small  scale 
and  near  the  spot  of  consumption.  These  latter  aspects  make  them  a  potentially 
attractive  option  in  remote  and  underdeveloped  areas. 

Further,  large  differences  exist  in  the  technical  and  economical  readiness  of 
these  options.   Hydro,  wind,  and  traditional  biomass  are  relatively  well-developed, 
whereas  some  ocean  technologies  are  still  in  a  demonstration  stage,  although  tidal 
and  wave  technologies  may  soon  become  more  practical  economically.   Solar, 
modern  biomass,  and  geothermal  are  in  between,  and  photovoltaics  may  become 
competitive  with  fossil-fuel  power  plants  within  a  decade  or  so  (Mills  et  al.,  1991). 
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[Table  7.4] 


Table  7.4  breaks  down  the  contribution  of  the  various  technologies  to 
renewable  energy  production  in  1990  and  makes  clear  that  traditional  biomass 
and  large  hydro  are  presently  the  most  prominent  renewable  energy  sources. 

Some  estimates  of  "practicable"'^  potentials  (relative  to  current  use)  are 
given  in  Table  7.5.  It  clearly  shows  how  small  current  use  is  when  related  to 
various  estimates  of  practicable  potential,  whatever  discrepancies  may  exist  in 
estimates  of  that  concept.  Notable  exceptions  are  large  hydro  and  traditional 
biomass,  which,  according  to  the  data  presented,  are  exploited  at  about  a  quarter 
to  half  of  probable  capacity.  Judging  by  these  figures  only,  the  potential 
contribution  for  renewables  is  promising.  However,  a  truly  comprehensive 
assessment  must  also  consider  the  costs  involved. 


[Table  7.5] 


Table  7.6  gives  a  selective  overview  of  cost  estimates  of  renewable  energy 
technologies.  As  usual,  figures  diverge  widely.  This  variation  is  mainly  due  either 
to  (1)  the  calculation  method  used  or  (2)  the  inherent  peculiarities  of  the 
technology.   As  for  (1),  the  time  horizon  adopted,  the  level  of  discount  rate 
chosen,  and  the  assumed  capacity  and  useful  lifetime  are  important  factors.  As 
for  (2),  costs  are  strongly  influenced  not  only  by  the  site-specificity  and  temporal 
variability  of  supply  as  mentioned  above  but  also  by  the  form  of  final  energy 
delivered.'' 

[Table  7.6] 
[TABLE  NEEDS  TO  BE  TIDIED  UP.   lEA  SOLAR  ESTIMATES  ARE  RUN 
TOGETHER.   NEW  ESTIMATES  SHOULD  START  ON  A  NEW  LINE.  WHAT 
DOES  £c  MEAN  IN  lEA  SOLAR?   NOT  CLEAR  THAT  ELECTRIC  AND  FUEL 
ARE  SUBCATEGORIES  OF  BIOMASS.   MIGHT  BE  CLEARER  IF  THE  TWO 
SEPARATE  LINES  UNDER  BIOMASS  WERE  JOINED.   IT  WOULD  ALSO 
FACILITATE  COMPARISON  IF  ALL  PRICES  WERE  IN  CURRENT  OR  1990  $. 
NOTE  V  (BIOMASS)  IS  VAGUE.] 

[RESPONSE  TO  ABOVE  SUGGESTIONS  NOTED,  BUT  DO  NOT  HAVE 
ELECTRONIC  COPY  OF  TABLE  TO  UPDATE.   PLEASE  PROVIDE.] 
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Other  aspects  relevant  to  cost  behaviour  are  learning  effects,  economies  of 
scale,  and  the  need  for  immediate  storage  or  transport  of  the  energy  generated 
(the  costs  of  which  are  very  difficult  to  assess  with  any  precision).  Immediate 
storage  or  transport  needs  occur  not  only  when  the  timing  of  supply  and  demand 
fail  to  coincide,  as  is  commonly  the  case  with  solar  and  wind,  but  even  more  when 
sources  and  points  of  end  use  are  far  apart.  Preferably,  generated  electricity 
should  be  fed  into  a  linked  distribution  system  of  sufficient  capacity  to  handle  its 
intermittent  supply.  Different,  but  equally  difficult  to  assess,  are  the  problems  of 
location  and  transportation  associated  with  storable  biofuel. 

On  the  basis  of  the  prices  in  Table  7.6,  it  has  been  concluded  that  hydro, 
wind,  and  some  solar  and  biomass  technologies  are  already  becoming  more 
competitive  with  conventional  sources.  Although  many  wind  and  solar  power 
applications  are  still  subsidized  or  legislatively  supported,  substantial  cost 
reductions  are  to  be  expected  within  the  next  few  decades.^°  However,  whether 
these  technologies  actuzilly  become  competitive  will  also  depend  on  local 
conditions  that  shape  a  renewable's  attractiveness  and  complementarity  between 
renewables  and  nonrenewables. 

In  contrast  to  fossil  fuels,  renewable  energy  at  the  moment  is  less  portable: 
consumption  currently  seems  to  be  more  strongly  bound  to  the  production 
location.  Whereas  fossil  fuels  can  be  relatively  easily  stored  or  transported  with 
the  existing  infrastructure,  similar  exploitation  of  the  new  renewables  would  in 
most  cases  require  new  investment.  The  competition  between  renewables  is 
generally  more  complex  than  that  between  fossil  fuels.   Solar  and  geothermal 
energy,  for  example,  can  only  be  produced  on  the  basis  of  complementarity  by 
using  temporal  variation  of  supply. 

Conversely,  what  often  makes  up  the  main  part  of  a  renewable's  promise 
are  its  large  potential  and  modest  price  on  the  spot  relative  to  the  availability  and 
prices  of  conventional  sources.   Moreover,  by  using  local  renewables,  countries 
could  reduce  their  dependence  on  imported  fossil  fuels  and  also  reduce  foreign 
exchange  constraints.  In  addition,  in  the  case  of  biomass,  local  communities  could 
significantly  benefit  from  small-scale  applications  and  their  net  positive  side 
effects.  In  this  respect,  local  renewables,  like  energy  efficiency  measures,  offer  a 
basis  for  no-regrets  policies. 

There  is  some  reason  to  believe  that  a  new  generation  of  renewable  energy 
technologies  now  under  development  could  well  become  commercially  viable  in 
the  near  future.   For  example,  a  variety  of  promising  photovoltaic  technologies 
designed  to  shave  commercial  building  demand  during  peak  load  periods  is  under 
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active  consideration  in  the  U.S.  and  elsewhere  and  might  become  commercially 
feasible  in  the  foreseeable  future  (Byrne,  et  al.,  1994;  Wenger  et  al.  1993). 

As  the  preceding  discussion  implies,  the  future  role  of  renewables  is  hard 
to  predict  precisely.  Although  some  scenarios  are  more  optimistic  than  others, 
the  share  of  renewables  in  the  2020  energy  mix  will  probably  not  exceed  25%.^* 
However,  most  studies  agree  that  the  new  renewable  mix  will  tend  to  be  a  hybrid 
that  will  exploit  a  variety  of  renewable  energy  sources  while  being  backed  up  by 
fossil  fuels,  which  will  remain  dominant  for  decades  to  come. 

7.4.4  Nuclear  Energ/^ 

Nuclear  energy  now  accounts  for  about  5%  of  all  primary  energy  production  or 
17%  of  the  world's  electricity  generation.  Its  production,  like  that  of  renewables, 
emits  relatively  little  COj."  Moreover,  its  technology  has  passed  the 
demonstration  stage,  except  for  the  large  but  still  unresolved  issue  of  nuclear 
waste  storage.   In  addition,  further  dissemination  could  be  strongly  prohibited  by 
lack  of  public  acceptance  due  to  major  concerns  about  reactor  safety,  the  risk  of 
theft  of  nuclear  technologies  or  materials,  the  proliferation  of  nuclear  weapon 
capabilities,  and  the  final  treatment  and  disposal  of  fission  products. 

Barring  these  limitations,  nuclear  energy,  if  evaluated  on  the  basis  of  the 
engineering  efficiency  approach,  can  be  competitively  applied,  and  in  various 
countries  it  is,  albeit  to  a  largely  different  degree.   (For  comparison  with  gross 
costs,  see  Figure  7.2;  for  an  estimate  of  the  UK  cost-effective  potential,  see 
Jackson,  1991,  who  used  data  from  the  mid-1980s).   Because  of  the  long 
design/construction  time  (up  to  10-15  years)  and  the  enormous  per  plant 
investment  costs,  the  nuclear  option  is  rather  inflexible  now.   According  to  Table 
7.7  (note  that  the  figures  in  the  table  are  based  on  averages  from  existing  plants 
rather  than  new  plants),  costs  to  produce  electricity  with  nuclear  energy  ($/kWh) 
appear  to  fall  within  the  range  of  renewable  options,  though  nuclear  costs  seem  to 
have  been  rising  and  not  falling  (MacKerron,  1992). 

Social  opportunity  costs  will  remain  high  until  a  full  and  credible 
investigation  of  the  safety  aspects  of  nuclear  power  plants  is  completed.   However, 
if  the  nuclear  option  is  assessed  from  the  welfare  economic  point  of  view,  the 
final  assessment  becomes  much  more  uncertain  because  the  lack  of  public 
acceptance  and  the  various  risks,  advantages,  and  uncertainties  now  also  have  to 
be  taken  into  account  explicitly.  This  not  only  holds  in  the  industrialized 
countries,  but  also  in  the  developing  countries  and  the  countries  in  transition.   In 
addition,  any  future  use  of  nuclear  energy,  like  any  switch  from  fossil  to  nonfossil 
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fuels,  will  depend  on  the  underlying  cross-price  elasticities  and  energy  price 
assumptions,  inflation,  public  policy,  and  technological  progress.  Taking  these 
complicating  factors  into  account  -  namely,  that  there  is  no  established  technology 
for  decommissioning  nuclear  plants,  that  there  are  hidden  external  costs  regarding 
nuclear  power-related  damage,  and  that  efforts  are  being  made  to  develop 
intrinsically  safe  nuclear  reactors  -  the  lEA  projects  the  share  of  nuclear  energy  in 
total  energy  use  at  6.1%  by  2010;  the  WEC  C-scenario  (see  also  note  7|:)  projects 
the  share  of  nuclear  at  6.2%  in  2020. 

7.4.5  Capture  And  Disposal 

CO2  capture  and  disposal  is  understood  as  any  sequence  of  processes  in  which 
carbon  is  recovered  in  one  form  or  another  from  an  energy  conversion  process 
and  disposed  of  at  sites  other  than  the  atmosphere.   It  should  be  noted  though, 
that  disposal  capacity  is  ultimately  limited,  both  for  technical  reasons  and  because 
not  all  forms  of  disposal  ensure  a  permanent  prevention  of  carbon  reentering  the 
atmosphere.  However,  assuming  sufficient  and  feasible  disposal,  the  further 
development  of  these  technologies  in  combination  with  coal  gasification  is  thought 
to  have  significant  intermediate  potential,  especially  for  coal-rich  countries  such  as 
China,  India,  the  USA,  or  the  Russian  Federation  (see  also  Nakicenovic  and 
Victor,  1993,  and  the  outcomes  of  the  OECD  Model  Comparison  Project  as 
discussed  in  Chapter  8). 


Since  places  of  recovery  do  not  generally  coincide  with  places  of  disposal, 
transport  of  the  recovered  carbon  is  required  as  an  additional  process.   In 
principle,  carbon  can  be  recovered  from  each  fossil  fuel  conversion  process. 
However,  recovery  is  most  attractive  at  energy-intensive  stationary  point  sources, 
such  as  steel  manufacturing,  fertilizer,  and  power  plants.^^  To  date,  most 
research  effort  has  been  spent  on  power  plants.   For  these,  two  types  of 
recovering  technologies  exist:^  those  that  combine  separation  of  the  CO2  from 
the  flue  gases  (scrubbing)  with  modifications  to  the  energy  conversion  process  and 
those  that  rely  on  COj  scrubbing  only.   Modifications  to  the  energy  conversion 
process,  which  are  now  in  experimental  use,  include  an  Integrated  Coal  Gasifier 
Combined  Cycle  (ICGCC)  system,  modification  of  tiw-boileris,  and  modification  of 
the-gas  turbinejs.^  The  main  separation  options  are  chemical  or  physical 
absorption,  the  use  of  membranes,  and  cryogenic  fractionation.   Of  these, 
chemical  and  physical  absorption  are  most  developed  and  membrane  separation 
and  cold  distillation  least." 


31 


741 


Depending  on  the  place  of  disposal,  transport  will  take  place  onshore  or 
offishore.   Onshore,  pipelines  are  most  economical.   Estimated  transport  costs  vary 
between  $1  and  $4/tC02  over  100  km,  depending  on  the  flow  rate  (Hendriks, 
1994).  Offshore,  tankers  compete  with  pipelines.  For  larger  distances,  tanker 
transport  is  likely  to  be  cheaper.  Pipeline  transport  costs  are  more  or  less 
proportional  with  distance  and  decrease  with  increasing  flow  rate  of  the  gas  and 
decreasing  ambient  temperatures.  Estimates  of  costs  offshore  therefore  vary 
between  somewhat  more  than  Vi  to  3  times  the  costs  onshore  (Hendriks,  1994; 
TNO,  1992). 

After  the  carbon  is  recovered,  it  has  to  be  handled  so  that 
reentroncereentry  into  the  atmosphere  is  prohibited  or  at  least  delayed  as  much  as 
possible,  that  is,  so  that  the  mean  retention  time  is  large  compared  to  the 
residence  time  of  COj  in  the  atmosphere  (since  not  all  applications  ensure  entire 
or  long-term  storage  of  the  carbon)^. 

Disposal  can  occur  in  two  ways:  the  gas  can  be  utilized  for  the  production 
of  long-lived  materials,^  or  it  can  be  stored  underground,  either  in  aquifers 
(which,  technically,  have  almost  unlimited  storage  potential)  or  in  the  ocean.^ 
Environmental  risks  seem  to  be  involved,  however,  especially  in  the  latter  cases. 

7.4.6  Enhancing  Sinks:  Forestry  Options^^ 

Unlike  removal  options,  options  that  enhance  sinks  remove  carbon  after  it  has 
been  dispersed  into  the  atmosphere.  All  sources  seem  to  agree  that  much  more 
carbon  is  stored  in  soils  than  in  forests.  This  would  suggest  that  significant 
attention  be  given  to  measures  that  promote  soil  conservation,  reduce  carbon 
mobilization  from  soils  to  air,  and  increase  soil  storage  of  atmospheric  carbon 
through  the  action  of  soil  microorganisms.   Nevertheless,  the  main  option  for 
enhancing  carbon  sinks  -  except  for  iron  fertilization  and  weathering  rocks,  which 
are  both  still  in  their  experimental  stage  -  relates  to  forestry  measures.  Their 
importance  is  due  to  their  expected  large  storage  potential  and  relatively  modest 
costs.The  enhancement  of  forest  sinks  is  also  one  of  the  lowest  risk  options  and 
offers  substantial  positive  side  effects  in  the  environmental  and  sometimes  also  in 
the  socioeconomic  sphere. 

Just  as  the  potential  for  forestry  measures  in  enhancing  sinks  is  probably 
sizable,  so  is  the  contribution  of  deforestation  to  greenhouse  gas  emissions.  After 
fossil  energy-related  activities,  deforestation  and  other  land  use  changes  are  the 
second  largest  source  of  carbon  emissions.  The  net  annual  flux  of  carbon  to  the 
atmosphere  as  a  result  of  land-use  changes  and  deforestation  ranged  between  0.6 
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and  2.8  GtC  during  the  early  and  probably  the  rest  of  the  1980s,  compared  with 
global  emissions  of  slightly  less  than  6  GtC  from  burning  of  fossil  fuels, 
manufacture  of  cement,  and  flaring  of  natural  gas  (Griibler  et  al.,  1993  [b?];  see 
also  Houghton,  1990).  The  large  amount  of  uncertainty  about  the  net  quantity  of 
carbon  released  by  deforestation  and  land  use  changes  relates  to  the  extent  of  the 
area  undergoing  land  use  change,  the  carbon  content  of  biota  and  soils  in  the 
deforested  land,  and  the  dynamic  release  profile  of  biotic  and  soil  carbon  after 
disturbance. 

The  following  subclasses  of  forestry  measures  are  commonly  distinguished: 

halting  or  slowing  deforestation; 

reforestation  and  afforestation;^^ 

adoption  of  agroforestry  practices; 

establishment  of  short-rotation  woody  biomass  plantations; 

lengthening  forest  rotation  cycles; 

adoption  of  low-impact  harvesting  methods  and  other  management 
methods  that  maintain  and  increase  carbon  stored  in  forest  lands;  and 

sustainable  forest  exploitation  cum  sequestration  of  carbon  in  long-lived 
forest  products.'''' 

The  first  six  measures  sequester  carbon  by  increasing  the  standing 
inventory  of  biomass  or  by  preventing  a  decrease  thereof.  This  amounts  to  a 
once-for-all  uptake  of  carbon.  In  contrast,  the  seventh  measure  aims  at 
continuing  to  break  the  carbon  cycle,  thereby,  in  principle,  enabling  its  permanent 
application.  This  option  becomes  even  more  efficient  and  attractive  if  the  timber 
is  used  to  substitute  on  a  large  scale  for  products  such  as  bricks,  concrete,  steel, 
and  plastics  whose  manufacture  releases  much  greater  quantities  of  COj. 

However,  in  practice  all  forestry  measures  are  ultimately  limited:  the  first 
six  by  the  amount  of  area  available  in  competition  with  other  potential  land  uses 
and  the  seventh  by  saturation  of  demand  for  timber  and  other  long-lived  wood 
products  and  the  eventual  decay  of  the  wood.  Therefore,  forestry  measures,  like 
removal  options,  are  to  be  seen  as  an  intermediate  response  policy.   In  this 
respect  it  is  worth  mentioning  that  trees  grown  on  fairly  short  rotations  (harvested 
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at  maxiinutn  Mean  Annual  Increment)  are  more  effective  carbon  sinks  than  trees 
that  are  allowed  to  mature  in  old-growth  forests.  This  fact  has  large  implications, 
especially  for  developing  countries,  where  by  far  the  largest  demand  for  wood  is 
for  fuelwood  and  small  construction  poles  that  can  be  grown  on  short  rotations. 

In  assessing  the  global  potential  for  halting  or  slowing  down  deforestation 
and  for  reforestation,  there  are  three  main  sources  of  uncertainty: 

1.  The  potential  for  slowing  deforestation  depends  on  resolving  complex 
problems  that  are  linked  to  societal  and  economic  pressures,  such  as  large- 
scale  settlement  on  forest  lands  and  the  sale  of  timber  for  export  earnings 
in  tropical  countries  or  policy  distortions  (e.g.,  below-cost  sales  of  timber 
on  government  lands)  in  industrialized  countries. 

2.  The  potential  of  the  option  depends  on  the  amount  of  area  globally 
available  for  some  kind  of  forestry  measure  (see  also  Volume  2,  Chapter 
III.F,  Section  1.1  and  '1.2j|D. 

3.  The  incremental  (i.e.,  annual)  and  net  cumulative  carbon  uptake  per 
hectare'*  for  the  main  forest  species^  have  yet  to  be  reliably 
determined. 

In  addition,  it  should  be  noted  that  large-scale  monoculture  forestry  may  not  be 
acceptable  to  many  environmentalists;  moreover,  local  ecosystems  may  be 
destabilized. 

With  respect  to  the  first  of  these  uncertainties,  there  is  a  near  consensus  in 
the  literature  that  most  deforestation  in  tropical  countries  occurs  because  standing 
forests  are  converted  to  crop  and  pasture  land.  This  happens  because  those 
encroaching  on  the  forests  consider  them  to  have  lower  economic  value  than  crop 
and  pasture  land.  The  potential  for  slowing  deforestation  is  therefore  hard  to 
estimate.   Furthermore,  slowing  deforestation  requires  the  application  of  effective 
solutions  to  highly  politicized  problems  such  as  inequitable  land  distribution  and 
lack  of  secure  land  tenure.  It  also  requires  effective  means  of  increasing  the  per 
hectare  productivity  of  crop  and  livestock  production.  The  solutions  to  these 
problems  are  partly  technical  but  mostly  economic  in  nature  and  include  improved 
price  structures  for  farmers  (e.g.,  higher  crop  and  livestock  prices  versus  lower 
prices  for  inputs  such  as  fertilizer)  and  better  access  to  markets. 

As  for  tropical  deforestation  rates,  estimates  of  these  vary  widely  among 
the  various  sources,  partly  due  to  different  definitions  of  both  tropical  forests  and 
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deforestation  (for  a  discussion,  see  Jepma,  1994).  According  to  FAO  (1991), 
annual  tropical  deforestation  for  the  late  1980s  amounted  to  some  17  million  ha; 
other  estimates  vary  between  3  and  20  million  ha.  Estimates  of  global  aimual 
biotic  carbon  fluxes  from  closed  forests  during  the  late  1980s  show  an  equally 
large  variety:  ranging  between  600  MtC  (IPCC,  1992)  and  2800  MtC  (WRI,  1990). 
For  an  overview,  see  Grubler  et  al.  (1993b). 

A  similar  discussion  has  arisen  on  the  issue  of  the  global  land  area  that 
would  be  suitable  and  available  for  carbon  sequestering  plantations.  One  study  of 
the  maxLmimi  worldwide  potential  of  this  approach,  Sedjo  and  Solomon  (1989), 
suggests  that  2.9  Gt  of  atmospheric  carbon  could  be  sequestered  annually  by 
approximately  465  million  ha  of  fast-growing  plantation  forests  at  a  cost  of  about 
$186-372  billion.  Without  employing  fast-growing  species  the  area  needed  would 
be  several  times  larger,  but  many  factors  will  determine  whether  such  high  rates 
of  uptake  can  be  achieved. 

Clearly,  a  large  potential  for  the  enhancement  of  forest  sinks  exists  in  the 
tropics.   A  recent  survey,  carried  out  under  the  auspices  of  the  Asian 
Development  Bank  in  eight  Asian  countries  (Pakistan,  India,  Sri  Lanka, 
Bangladesh,  Indonesia,  Malaysia,  Vietnam,  and  the  Philippines)  clearly  indicates 
not  only  that  climate  change  is  likely  to  have  large  and  generally  adverse  impacts 
on  forests  and  forest  ecosystems  in  the  Asia-Pacific  region,  but  also  that  "forest 
conservation  and  afforestation  can  often  be  judged  to  be  cost-effective  and 
excellent  opportunities  for  limiting  net  greenhouse  emissions"  (Qureshi  and 
Sherer,  1994).   However,  it  should  be  emphasized  once  again  that  much  of  the 
land  availability  will  depend  on  the  willingness  of  the  local  population  to 
cooperate,  given  their  perceptions  of  the  most  appropriate  land  use. 

Keeping  these  limitations  in  mind,  one  can  compare  the  preceding  findings 
with  the  estimate  of  Grubler  et  al.  (1993b)  that  at  present  265  million  ha  globally 
would  be  available  and  suitable  for  forest  plantations  and  85  million  ha  for 
agroforestry.   Other  sources  (Winjum  et  al.,  1992)  suggest  significantly  larger  areas 
(some  400-1200  million  ha).  These  figures  are  in  sharp  contrast  with  the  potential 
in  the  OECD  countries,  amounting  to  15-50  million  ha  in  future  in  the  EU, 
mainly  due  to  redundancy  of  farm  lands,  and  30-60  million  ha  in  the  U.S.  Carbon 
sequestered  in  global  annual  wood  production  is  currently  estimated  at  some  1 
GtC  (TNO,  1992).   Such  a  high  rate  may  not  represent  the  actual  "net"  addition  to 
the  wood  products  pool  and  may  not  be  sustainable  in  the  future,  but  it  gives 
some  indication  of  the  potential  of  carbon  sequestration  through  wood  products, 
depending  on  the  price,  product  lifetime,  and  the  trend  in  timber  demand  (which 
is  commonly  projected  to  rise).   Some  authors  argue  that  a  considerably  higher 
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demand  for  wood  could  be  achieved  if  it  were  used  to  produce  electricity  (and 
liquid  fuels  such  as  methanol).  This  would  replace  fossil  fuel  COj-emissions  with 
a  system  in  which  net  emissions  are  zero,  provided  the  wood  is  grown  on  a 
sustainable  basis.   (For  a  feasibility  study,  see  BTG,  1994;  for  a  discussion  of  the 
institution  building  needed  to  monitor  and  account  for  the  global  realization  of 
this  concippt,  see  Read,  1994a.) 

With  respect  to  the  problem  of  estimating  carbon  uptake,  only  rough 
estimates  exist  for  the  carbon  content  of  biomass  and  soils  in  disturbed  areas. 
Estimates  of  average  annual  carbon  uptake  vary  considerably,  depending  on, 
among  other  factors,  plantation  age  (for  a  correlation,  see  Caimell,  1982),  timber 
species,  soil/climate  conditions,  and  management  practices  (see  also  Houghton, 
1991).  However,  most  estimates  are  in  the  likely  range  of  1-8  tC/ha/yr. 
Cumulative  carbon  uptake  would  as  a  maximum  be  somewhere  between  100  and 
150  tC/ha  for  the  main  forest  types.   (Note  that  the  vegetation  and  soils  of 
undisturbed  forests  can  hold  20-100  times  more  carbon  than  agricultural  systems.) 


7.4.6.1  Costs 

Mitigation  policies  using  forests  are  generally  considered  relatively  cost-effective, 
especially  if  applied  in  developing  countries.  An  early  U.S.  high  cost  estimate  of 
$100/tC  (Nordhaus,  1990)  now  seems  to  have  ignored  changes  in  soil  carbon 
through  tree  planting  and  to  have  underestimated  the  carrying  capacity  and  length 
of  productivity  of  forest  plantations.   Richards  et  al.  (1993a,  1993b)  estimate  that 
the  overall  costs  of  stabilizing  U.S.  carbon  emissions  could  be  reduced  by  as  much 
as  80%  by  forestry  options. 

The  major  part  of  the  studies,  which  deal  with  the  costs  of  afforestation  or 
halting  or  slowing  down  deforestation,  take  the  engineering  efficiency  approach 
rather  than  the  welfare  economic  approach.  With  respect  to  afforestation,  the 
assumption  is  commonly  made  that  the  forests  would  not  be  harvested  but  would 
be  left  alone  to  mature  (the  so-called  carbon  cemetery  forests).  The  emphasis, 
therefore,  is  on  the  assessment  of  the  costs  of  afforestation  (plantations),  including 
maintenance  and  protection,  and  of  land  requirement.   Sometimes,  however,  land 
required  for  establishing  carbon  plantations  may  be  considered  free,  therefore 
implying  that  opportunity  costs  would  be  zero  (e.g.,  Winjum  et  al.  1992). 

One  generally  recognizes  that  the  second  option,  halting  or  slowing  down 
deforestation,  is  probably  one  of  the  most  urgent  and  most  cost-effective  options 
(Griibler  et  al.,  1993b).  However,  experience  with  the  closest  alternative. 
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reforestation,  has  so  far  produced  mixed  results.  On  the  one  hand,  some  success 
stories  can  be  told  about  reforestation  projects  in  Sweden,  Finland,  and  parts  of 
Canada.  On  the  other  hand,  large  losses  have  occurred  in  Angola,  Nigeria, 
Morocco,  and  several  other  countries,  and  in  China  the  rate  of  survival  of 
reforestation  efforts  is  estimated  to  be  not  higher  than  20%  (Naldcenovic  and 
John,  1991). 

There  are  two  crucial  factors  that  appear  to  determine  the  feasibility  of  the 
afforestation  option  in  actual  practice.  First,  it  matters  a  great  deal  whether  the 
forest  can  be  harvested  sustainably  and  forest  products  sold  at  commercial  rates, 
or  whether  it  instead  should  be  left  alone.  Second,  much  depends  on  the 
acceptance  of  the  newly  planted  forests  by  the  local  population,  as  might  be 
expected  if  they  were  to  derive  an  economic  benefit  from  it. 

If,  for  instance,  the  forest  can  be  harvested  through  the  exploitation  of 
timber  and  nontimber  products,  and  if,  in  addition,  carbon  sequestration  credit 
can  be  given  to  trees  that  are  harvested,  then  the  net  costs  of  afforestation  could 
easily  become  negative.   In  that  case,  afforestation  would  become  a  no-regrets 
option,  and  initiatives  could  allow  the  payback  period  to  be  left  to  the  market. 
However,  not  all  externalities  can  be  incorporated  in  the  prices  of  the  timber  and 
nontimber  products  (e.g.,  trees  may  provide  environmental  benefits  but  may  also 
contribute  to  productive  losses  by  shading  adjacent  field  crops  or  competing  with 
them  for  water). 

Even  if  afforestation  with  sustainable  exploitation  offers  a  net  positive 
return,  many  other  factors  may  still  form  an  obstacle  to  its  implementation. 
Actual  experience  has  made  abundantly  clear  that,  even  if  environmental  quality 
and  economic  productivity  in  a  certain  area  are  both  low,  those  who  use  the  land 
may  still  be  unwilling  to  convert  it  to  forest.  Some  even  argue  that  for  at  least  a 
decade  social,  political,  zmd  infrastructural  barriers  will  keep  reforestation  rates 
very  modest  (Trexler,  1991).   Indeed,  "tropical  forestry  programmes  undertaken 
with  global  climate  change  mitigation  in  mind  will  need  to  be  integrated  into  the 
social,  envirorunental,  and  economic  contexts  and  needs  of  the  countries  [and 
local  communities]  in  which  they  are  undertaken.   Failure  to  understand  this  has 
brought  about  the  failure  of  many  tropical  forestry  efforts  intended  to  solve 
fuelwood  and  other  problems.  The  same  could  easily  occur  wdth  forestry  efforts 
intended  to  mitigate  global  climate  change"  (Brown  et  al.,  1993). 

Estimates  of  the  cost-effectiveness  of  forestry  measures  in  the  engineering 
efficiency  approach  are  also  subject  to  uncertainties  about  the  availability  of  land 
area,  carbon  uptake  per  hectare,  and  costs  of  establishment  and  maintenance  per 
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hectare.  In  addition,  figures  diverge  depending  on  the  methodology  adopted.  In 
this  respect,  two  problems  should  be  discussed:  (1)  the  derivation  of  point 
estimates  or  of  cost  functions,  and  (2)  forestry  cost  function  methodology. 

With  respect  to  (1),  most  effort  so  far  has  been  spent  on  deriving  point 
estimates  from  average  costs.  Some  selected  cases  are  given  in  Tables  7.8  and  9. 
Note  that  the  estimates  generally  assume  a  "tree  cemetery"  approach.  Tables  7.8 
and  7.9  show  relatively  low  carbon  sequestering  costs  through  tree  planting,  in 
mauiy  cases  under  $10/tC  and  rarely  over  $30/tC.  Other  studies  with  similar 
results,  stressing  various  aspects  of  the  problem,  include  Trexler  et  al.  (1989), 
Swisher  (1991),  Winjum  and  Lewis  (1993),  and  Faeth  et  al.  (1993).   For  a  detailed 
assessment  see  Turner  et  al.  (1993)  and  Volume  2,  Chapter  III.F,  Section  5||  of 
this  report. 


[Table  7.8] 
[Table  7.9] 


Though  these  point  estimates  may  give  a  satisfactorily  accurate  description 
of  cost-effectiveness  for  small  areas  and  single  plantation  programmes,  they  are 
bound  to  lack  validity  in  the  case  of  large  areas.  From  a  global  perspective,  the 
costs  in  terms  of  economic  welfare  are  likely  to  rise  with  the  scale  of  the  effort. 
Four  forces  underlie  this  cost  pattern: 

1.  diminishing  uptakes  as  less  suitable  or  less  well-managed  land  is  forested, 
resulting  in  a  lower  carbon  uptake  per  hectare; 

2.  increasing  public  resistance  and  social  and  legal  objections  by  the  local 
population  against  interference  with  present  land  use; 

3.  rising  opportunity  costs  as  fallow  land  is  used  up  and  plantations  move  on 
to  land  suitable  for  alternative  uses;^ 

4.  no  or  negligible  economies  of  scale  in  operating  and  maintenance  costs. 

Together  these  factors  generally  mean  that  marginal  costs  will  rise  as  the  area 
being  forested  increases.  Exceptions  to  this  rule  might  only  occur  if  the  amount 
of  land  needed  for  agriculture  shows  a  declining  trend.   Clearly,  this  is  almost 
nowhere  the  case  in  developing  countries,  but  it  might  hold  for  parts  of  the 
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Western  world.  Only  recently  have  a  number  of  somewhat  more  sophisticated 
studies  begun  to  appear  that  do  take  increasing  marginal  costs  explicitly  into 
account.Such  studies  also  do  more  justice  to  the  welfare  economic  point  of  view 
by  explicitly  recognizing  that  an  expansion  of  the  area  forested  will  most  likely 
increasingly  interfere  with  the  expanding  domestic  demand  for  agricultural  land. 
Table  7.10  sketches  this  feature. 


[Table  7.10] 

When  comparing  Tables  7.8  and  7.9  with  Table  7.10,  it  is  apparent  that  the  figures 
correspond  roughly  only  for  low  levels  of  sequestering  effort.  For  higher  levels, 
the  divergence  grows  rapidly.  Therefore,  the  conclusion  seems  justified  that  point 
estimates,  though  valid  for  small  areas,  seriously  fail  to  describe  actual  costs  for 
larger  arejis. 

With  respect  to  the  second  issue,  a  number  of  more  sophisticated  studies 
have  recently  begun  to  appear.  These  include  Moulton  and  Richards  (1990), 
Adams  et  al.  (1993),  Parks  and  Hardie  (1992),  Richards  et  al.  (1993),  and  Read 
(1994b).  These  studies  refine  the  approach  to  estimating  the  cost  of  establishing 
carbon  sequestering  tree  plantations  in  three  ways.  First,  they  estimate  a  cost 
function,  not  a  point.   Second,  they  refine  the  cost  estimates  for  establishing  tree 
plantations  by  recognizing  differences  associated  with  location  and  site 
considerations.  Third,  they  build  discounting  procedures  into  the  methodology  -  a 
common  practice  in  the  assessment  of  other  options,  but  until  recently  one  that 
was  virtually  ignored  with  respect  to  this  option  (see  also  Richards,  1993). 
Keeping  all  this  in  mind,  it  is  clear  that  both  the  methodology  and  the  empirical 
estimates  of  the  various  studies  are  still  amenable  to  further  revision.  It  is 
probably  a  justified  generalization  to  state  that  the  newer  research  is  tending  to 
find  a  somewhat  steeper  increase  in  costs  than  did  the  earlier  studies,  with  the 
marginal  costs  per  tonne  of  carbon  roughly  doubling,  from  about  $30  to  $60,  for 
large  annual  uptakes. 

Finally,  it  is  increasingly  recognized  that  there  are  probably  limits  to  the 
extent  to  which  the  global  system  can  maintain  forest  stocks.   Nevertheless, 
sustainable  forest  management  can  make  an  important  long-term  contribution  to 
providing  a  continuous  flow  of  substitutes  for  net-emitting  energy  sources  such  as 
coal. 


7.4.7  Methane 
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Methane  currently  accounts  for  about  20%  of  experted  wanning  from  climate 
change.  This  contribution  is  a  result  of  methane's  potency  as  a  greenhouse  gas 
and  dramatically  increased  anthropogenic  emissions.   Currently,  about  70%  of 
global  methane  emissions  are  associated  with  human-related  activities  such  as 
energy  production  and  use  (coal  mining,  oil  and  natural  gas  systems,  and  fossil 
fuel  combustion);  waste  management  (landfills  and  wastewater  treatment); 
livestock  management  (ruminants  and  wastes);  biomass  burning;  and  rice 
cultivation. 

Technologies  and  practices  for  reducing  methane  emissions  from  their 
major  anthropogenic  sources  have  been  identified  and  reviewed  through  a  number 
of  expert  meetings  and  studies,  many  under  the  IPCC.   Many  of  the  technological 
options  currently  available  are  cost-effective  in  many  regions  of  the  world  and 
have  been  implemented  to  a  limited  extent.  The  available  options  represent 
different  levels  of  technical  complexity  and  capital  needs  and  therefore  should  be 
adaptable  to  a  wide  variety  of  country  situations.  In  total,  it  appears  to  be 
technically  feasible  to  reduce  methane  emissions  by  about  120  Tg  (75  to  170  Tg) 
per  year  through  reductions  in  emissions  from  the  following  methane  sources. 

Coal  Mining.  Techniques  for  removing  methane  from  gassy  underground 
mine  workings  have  been  developed  primarily  for  safety  reasons,  because  methane 
is  highly  explosive  in  air  in  concentrations  between  5%  and  15%  and  is  the  cause 
of  mining  accidents.   Some  of  these  same  techniques  can  be  adapted  to  recover 
methane  in  concentrations  of  30%  or  more,  so  that  the  energy  value  of  this  fuel 
can  be  put  to  use.   Methane's  emissions  into  the  atmosphere  can  be  reduced  by 
up  to  50-70%  at  gassy  mines  using  available  techniques  such  as  gob  gas  recovery 
(IPCC,  1990a,  1990b,  1990c;  Encrg)'  and  Industry'  Subgroup.  1990;  Subgroup  on 
Agriculture,  Forcotry,  and  Other  Human  Activities,  1990;  U.S.  EPA,  1993;  RIVM, 
1993). 

Oil  and  Natural  Gas  Systems.   Methane  is  the  primary  constituent  of 
natural  gas,  and  significant  quantities  of  methane  can  be  emitted  to  the 
atmosphere  from  components  and  operations  throughout  a  country's  natural  gas 
system.  The  technical  nature  of  emissions  from  natural  gas  systems  is  well 
understood,  and  emissions  are  largely  amenable  to  technological  solutions  through 
enhanced  inspection  and  preventative  maintenance,  replacement  of  equipment 
with  newer  designs,  improved  rehabilitation  and  repair,  and  other  changes  in 
routine  operations.   Reductions  in  emissions  in  the  order  of  10  to  80%  are 
possible  at  particular  sites,  depending  on  site-specific  conditions  (Energy  and 
Industry  Suljgroup,  1990m;l99pb;  U.S.  EPA,  1993;  RIVM,  1993). 
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Landfills.  The  methane  generated  in  landfills  as  a  direct  result  of  the 
anaerobic  decomposition  of  solid  waste  can  be  reduced  by  recovering  this 
medium-BTU  gas  for  use  in  electricity  generation  equipment  or  for  direct  use  in 
heating  or  cooking  eqiiipment.  At  many  sites  reductions  of  up  to  90%  are 
possible  .  Additional  benefits  that  result  from  landfill  methane  recovery  include 
improved  air  and  water  quality  and  reduced  risk  of  fire  and  explosion  (Energy  and 
Industry  Subgroup.  IQQOIPtC  1990b;  U.S.  EPA,  1993;  RIVM,  1993). 

Ruminant  livestock.   Many  opportunities  exist  for  reducing  methane 
emissions  from  ruminant  animals  by  improving  animal  productivity  and  reducing 
methane  emissions  per  unit  of  product  (e.g.,  methane  emissions  per  kilogram  of 
milk  produced).  In  general,  a  greater  portion  of  the  energy  in  the  animals'  feed 
can  be  directed  to  useful  products  instead  of  wasted  in  the  form  of  methane.  As 
a  result,  herd  size  can  be  reduced  while  productivity  remains  the  same.   Current 
technologies  and  management  practices  can  reduce  methane  emissions  per  unit 
product  by  25%  or  more  in  many  animal  management  systems  (IPCC,  199(^ 
1*11(11;  Subgroup  on  Agriculture,  ForcGtry,  and  Other  Human  Activities,  1990;  U.S. 
EPA,  1993;  RIVM,  1993). 

Livestock  Manure.   Methane  emissions  from  anaerobic  digestion  of  animal 
manures  constitute  a  wasted  energy  resource  which  can  be  recovered  by  adapting 
manure  management  and  treatment  practices  to  facilitate  methane  (biogas) 
collection.  This  biogas  can  be  used  directly  for  on-farm  energy  or  to  generate 
electricity  for  on-farm  use  or  for  sale.   The  other  products  of  anaerobic  digestion, 
contained  in  the  slurry  effluent,  can  be  used  as  animal  feed  and  aquaculture 
supplements,  in  fish  farming, [AQUACULTURE  SUPPLEMENTS  WOULD 
COVER  FISH  FARMING]  and  as  a  crop  fertilizer.   Additionally,  managed 
anaerobic  decomposition  is  an  effective  method  of  reducing  the  environmental 
and  human  health  problems  associated  with  manure  management.   Current 
reduction  options  can  reduce  methane  emissions  by  as  much  as  25-80%  at 
particular  sites  (Subgroup  on  Agriculture,  Forestry,  and  Other  Human  Activities, 
49MPCC;|ii|;  U.S.  EPA,  1993;  RIVM,  1993). 

7.5.  Adaptation  Options 

There  are  no  comprehensive  surveys  of  the  various  adaptation  options  and  their 
costs,  probably  because  adaptation  covers  such  a  broad  range  of  potential  action 
and  also  because  of  the  large  uncertainties  surrounding  these  options.  The 
literature  on  the  subject  is  limited  but  growing."  In  any  case,  it  is  clear  that 
society  now  already  incurs  large  costs  in  adapting  to  climate  extremes;  climate 
change  will  just  increase  these  costs. 
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When  talking  about  adaptation,  the  central  questions  relate  to  (1)  what 
impacts  to  adapt  to,  (2)  how  to  adapt,  and  (3)  when  to  adapt.   In  this  section  only 
the  first  two  questions  will  be  considered;  likewise,  no  attention  will  be  given  to 
the  aspect  of  insurance,  which  could  be  viewed  as  an  adaptation  option  in  its  own 
right  (see  in  this  respect  also  Chapter  6).  The  question  of  when  to  adapt  is  one  of 
implementing  no-regrets  adaption  options  now  (possibly  developing  drought- 
resistant  cultivars  and  techniques)  and  of  weighing  the  implementation  of 
mitigation  options  now  against  adaptation  options  in  the  future.  In  the  literature 
hardly  any  attention  has  been  paid  to  any  possible  trade-off  between  both  types  of 
options.  The  section  concludes  with  some  remarks  on  the  modelling  of 
adaptation. 

7.5.1  Adaptation  to  what? 

Adaptation  in  various  degrees  and  in  some  form  or  other  may  be  necessary  to 
cope  with  ecosystem  changes  that  have  interfaces  with  human  (economic,  social, 
political,  legal,  and  cultural)  activities  (for  a  more  detailed  assessment  of 
adaptation  options,  see  Volume  2).  The  extent  of  these  changes  and  their 
subsequent  impact  on  human  affairs  will  depend  on  the  sequence,  severity,  and 
characteristics  of  the  climatic  changes  that  initiated  them.  Changes  in 
temperature  and  associated  rainfall  regimes  may  lead  to  more  droughts  in  some 
localities  and  heavier  rainfall  in  others,  thus  affecting  worldwide  surface  and 
groundwater  availability,  which  in  turn  will  affect  agronomic  practices  and  yields 
in  agriculture.  Fisheries  and  forestry  will  be  affected  by  changes  in  temperature 
and  the  availability  and  quality  of  water  (e.g.,  salinity).  Temperature  rise  may 
also  affect  livestock  populations  and  output  through  heat  stress  and  climate- 
related  influences  on  infestations  of  parasites,  insects,  and  disease. 

Climate  change  may  cause  accelerated  sea  level  rise,  possibly  attended  by 
increased  flooding,  changes  in  regional  temperature,  increases  in  the  frequency  of 
storms  and  hurricanes,  and  changes  in  surface  runoff  and  river  discharges  resulting 
from  changes  in  the  mean  value  and  variability  of  precipitation.  Impact  scenarios 
differ  considerably,  however,  as  a  result  of  differences  in  their  starting 
assumptions:  IPCC  (1994),  for  example,  assumes  a  1-m  sea  level  rise  over  100 
years,  while  other  scenarios  are  based  on  a  50-cm  rise.   In  addition,  the  response 
options  that  are  considered  adequate  or  appropriate  differ  significantly  from  study 
to  study. 

Global  research  on  sea  level  rise  is  increasingly  being  carried  out  (Tol, 
1994;  Nordhaus,  1993;  Cline,  1992a;  Fankhauser,  1992,  1993,  1994a  and  1994b). 
The  Worid  Coast  Conference  1993  (IPCC,  1994)  has  pointed  to  the  need  to 
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integrate  responses  to  long-term  threats  such  as  climate  change  and  associated  sea 
level  rise  with  existing  planning  and  management  efforts  so  as  to  arrive  at 
Integrated  Coastal  Zone  Management.  On  the  impacts  of  changes  in  river 
discharges,  only  some  scattered  information  is  available.  As  an  exjimple,  the 
discharge  of  the  Rhine  in  the  Netherlands  is  predicted  to  fall  by  10-15%  due  to  an 
assumed  temperature  increase  of  4°C  in  the  Alpine  part  of  the  basin  (Kwadijk, 
1991,  as  cited  in  Penning-Rowsell  and  Fordham,  1994).  However,  little  research 
has  yet  been  carried  out  to  combine  the  effects  of  changes  in  precipitation  with 
the  effects  of  temperature  rise.  A  major  conclusion  in  IPCC  (1994)  is  that  it  is 
very  difficult  to  differentiate  between  sea  level  rise  and  non-climate  related 
factors,  such  as  subsidence  and  excessive  ground  water  abstractionwithdrawM, 
which  may  be  equally  important  determinants  in  relative  sea  level  rise. 

Quite  obviously,  countries  where  sea  level  rise  may  become  prominent  may 
face  challenges  beyond  what  only  a  climate  change  would  have  entailed.  Effects 
on  agriculture  may  be  caused  by  regional  changes  in  temperature  and  by  sea  level 
rise.  A  sea  level  rise  of  1  m  would  affect  the  supply  of  rice  of  more  than  200 
million  people  in  Asia  (IPCC,  1994).   Changes  in  temperature  would  have  mixed 
regional  effects  (Tol,  1994,  based  on  Rosenzweig  et  al.,  1993).   Effects  on 
agriculture  would  depend  on  the  full  range  of  possible  impacts  of  climate  change 
(as  well  as  COj  fertilization)  and  not  just  temperature  (see  Table  7.11). 

Similarly,  a  sea  level  change  would  pose  problems  or  present  opportunities 
for  numerous  other  activities,  including  fishing  and  mangrove  forestry.  Human 
habitation  and  human  health  [HUMAN  HEALTH  COVERED  IN  NEXT 
SENTENCE]  would  also  be  affected  (through  changes  in  water  quality)  as  would 
industry  and  trade  (through  relocation  of  industries  and  loss  of  infrastructure). 
Both  these  factors  may  also  affect  human  health  and  nutrition. 

Human  adjustment,  however,  will  be  affected  by  a  complex  array  of  factors 
over  time.  Thus,  a  study  by  the  Asian  Development  Bank  (1994)  shows  that, 
while  the  agronomic  yield  of  rice  may  increase,  the  "realized"  increase  may  be 
lower  than  the  agronomic  potential  due  to  the  interplay  of  demand  and  supply 
factors. 


7.5.2  How  to  adapt 

Options  for  adapting  to  sea  level  rise  can  generally  be  categorized  as 
retreat,  accommodation,  or  protection. 
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Retreat  will  cause  loss  of  dry  land  and  loss  of  wetlands.   IPCC  (1994) 
computes  that  a  1-m  sea  level  rise  could  threaten  170,000  km^  (or  56%)  of  the 
world's  coastal  wetlands.  Loss  of  dry  land  means  losses  in  agriculture,  in  forestry, 
in  species,  and  in  physical  assets  and  implies  migration  of  people.   Attempts  to 
estimate  these  losses  can  be  found  in  Ayres  and  Walter  (1991),  Rijsbergen  (1991), 
Fankhauser  (1994a),  Cline  (1992a  and  1992b),  Suliman  (1990),  Nordhaus  (1991b, 
1993),  and  Tol  (1994).  In  some  of ThesTsources  estimates  have  been  made  of  the 
land  protection  costs  insofar  as  land  loss  is  prevented  on  economic  grounds  by 
such  factors  as  coastal  infrastructure.  An  overview  of  costs  (on  an  annual  basis) 
for  both  wetland  and  dryland  losses  is  given  in  Table  7.12. 


[Table  7.12] 


Not  all  estimates  include  the  side  effects  of  resettling  people  that  used  to  live  on 
the  lost  land.  These  costs  involve  the  costs  of  taking  up  refugees  on  the  one  hand 
and  of  people  leaving  (and  of  the  hardships  they  may  endure)  on  the  other.  By 
combining  various  sources  of  information,  Tol  estimated  the  global  annual  costs  of 
relocating  due  to  sea  level  rise  at  some  $14  billion.  These  costs  vary  between  0.01 
and  0.03%  of  GDP  for  the  OECD  and  the  countries  in  transition,  and  between 
some  0.3  and  0.8%  for  the  developing  regions  (Tol,  1993). 

Accommodation  to  sea  level  rise  involves  not  only  the  adaptation  of 
existing  structures  to  a  higher  sea  level  but  also  a  variety  of  other  responses,  such 
as  the  elimination  of  subsidized  insurance  in  industrialized  countries  for  building 
new  structures  along  sea  shores.   In  a  state  of  transition  it  may  also  involve  the 
need  to  respond  to  inundations  causing  loss  of  lives  and  damage  to  assets, 
agriculture,  and  the  environment  (Penning-Rowsell  and  Fordham,  1994). 


Protection  against  sea  level  rise  would  involve  major  costs,  but  estimates  of 
these  differ.  Tol  (1994),  assuming  a  0.5-m  rise,  estimates  annual  global  coastal 
defence  costs  at  $9.5  billion  in  constant  1988  dollars.   IPCC  (1994),  assuming  a  1- 
m  rise,  computes  costs  of  $10.0  billion  per  year  in  constant  1994  dollars,  whereas 
Ayres  and  Walter  (1991,  as  cited  in  Winpenny,  1994)  derive  a  figure  of  $50-100 
billion  in  constant  1981  dollars.  Protection  costs  for  an  increased  intensity  of 
storms  are  not  available  on  a  global  scale. 

Adaptation  to  changes  in  river  water  discharge  involves  the  same  choice  of 
options  as  adaptation  to  sea  level  rise;  retreat,  accommodation,  or  protection. 
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Unfortunately,  no  global  costs  are  available  for  any  of  these.   For  a  European 
example,  however,  see  Penning-Rowsell  and  Fordham  (1994). 

Adaptation  to  changing  temperatures  involves  adjustments  in  health  care, 
heating  and  cooling  facilities,  and  household  activities,  and  the  adaptation  of 
agriculture  and  fisheries.    Improvements  to  infrastructure,  including  urban 
buildings  and  construction  as  well  as  water  control  and  storage  systems  (such  as 
dams,  drainage  and  sewer  systems,  dikes,  and  locks),  would  also  be  needed. 

In  agriculture  various  types  of  technical  responses  are  available.  TTiese 
include  changes  in  farming  strategies  and  crop  management  as  well  as  changes  in 
crop  variety,  irrigation,  fertilizer,  and  drainage.   Some  salt-tolerant  crops,  to  give 
an  example,  can  be  very  successfully  grown  along  the  shoreline  of  coastal  deserts 
when  irrigated  with  ocean  water.   Global  and  regional  estimates  for  different 
levels  of  adaptation  in  agriculture  are  presented  in  Table  7.11. 

Given  our  still  limited  understanding  of  climate  change,  extending  the 
range  of  policy  options  rather  than  refining  technical  responses  seems  to  be  the 
most  logical  approach  at  the  moment.  The  following  options  deserve  special 
attention: 

■  Capacity  building,  in  both  industrialized  and  developing  countries,  to 
educate  people  in  the  former  about  the  effects  of  their  activities  on  carbon- 
trapping  biota  and  people  in  the  latter  about  responses  to  the  effects  of 
natural  climatic  variability  and  of  potential  future  climate  changes; 

Changes  in  land  use  allocation,  including  developing  the  potential  of 
tropical  plant  species.   Since  most  of  the  world's  plant  food  comes  from 
only  20  species,  the  potential  of  the  vast  majority  of  plant  species  is  still  to 
be  developed; 

Improvements  in  food  security  policies  and  reduction  of  post-harvest  losses. 
Given  that  post-harvest  losses  -  due  to  deficient  systems  of  storage  and 
transport  -  amount  in  many  developing  countries  to  50%  of  production,  or 
more,  major  scope  for  improvement  does  seem  to  exist; 

Conversion  to  "controlled  environment  agriculture."  Massive  introduction  of 
integrated  "controlled  environment  agriculture"  in  developing  countries 
might  easily  require  an  investment  of  several  tens  of  billion  of  dollars,  or 
billions  of  dollars  per  annum  if  introduced  over  some  decades; 
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Aquaculture.  Climate  change  affects  ocean  circulation  in  the  upper  layers, 
upwelling,  and  ice  extent,  all  of  which  affect  marine  biological  production 
and,  hence,  marine  fisheries.  One  way  to  adapt  is  to  intensify  efforts  to 
develop  aquaculture.  Integrating  aquaculture  with  "controlled  environment 
agriculture"  has  a  great  potential,  given  recent  dramatic  advances  in  marine 
biotechnology.  The  almost  sterile,  nutrient-rich  bottom  water  from  Ocean 
Thermal  Energy  Conversion  (OTEC)  systems  holds  considerable  promise 
as  a  culture  medium  for  kelp,  abalone,  oysters,  and  a  range  of  fish  species. 

It  should  also  be  mentioned  that  for  marginal  groups  the  risks  of  damages 
due  to  climate  change  will  become  larger  the  more  unequal  the  land  distribution 
system  is.  Changes  in  land  tenure  may,  therefore,  as  a  side  effect,  reduce  these 
risks  and  can  be  viewed  as  an  indirect  adaptation  option  in  themselves.  As  a  final 
remark,  it  may  be  pointed  out  that  patterns  of  scarcity  and  surplus  will  change 
across  regions  and  over  time,  presenting  new  opportunities  for  trade  between 
nations  as  they  respond  to  stabilize  supply. 

7.5.3  Adaptation  measures  in  developing  countries 

In  developing  countries,  as  elsewhere,  adaption  depends  on  the  type  and  intensity 
of  the  impacts  of  climate  change  that  may  occur.  Depending  on  these  impacts, 
adaptation  may  be  applied  immediately  or  may  be  delayed.   In  the  case  of  the 
African  countries,  however,  no  real  adaptation  studies  have  yet  been  carried  out. 
Current  bilateral  and  multilateral  activities  are  expected  to  lead  to  a  more 
systematic  assessment  of  adaptation  options  zuid  their  costs. 

The  quest  for  adaptation  options,  however,  already  existed  long  before  the 
global  debate  on  climate  change  began.  Countries  in  arid  and  semi-arid  zones 
have  tried  to  find  long-  and  short-term  responses  to  recurrent  droughts  for  some 
time  now,  while  countries  in  heavy  rainfall  regions  and  those  affected  by  storms 
and  cyclones  in  their  coastal  areas  have  tried  to  find  both  structural  (engineering) 
and  nonstructural  (institutional)  means  for  dealing  with  recurrent  floods. 

Short-term  responses  to  recurrent  droughts  include  improvements  in 
drought  preparedness  and  focus  primarily  on  drought  relief  and  drought  recovery 
activities.  Drought  relief  typically  includes  supplementary  food  programmes  and 
programmes  to  protect  and  replenish  livestock.  Drought  recovery  entails  such 
activities  as  the  provision  of  seed  and  land  preparation  supplements  to  farmers 
after  a  period  of  drought.  However,  even  for  these  short-term  responses  no 
systematic  studies  have  been  carried  out. 
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Long-term  measures  include  regional  and  national  research  efforts  to 
develop  drought-resistant  crops  and  breed  hardy  livestock.  The  incorporation  of 
drought  and  salt  resistance  in  crop  varieties  is  thus  already  a  major  item  on  the 
research  agenda  in  some  developing  countries.   Further  activities,  particularly 
those  strengthening  research  capacity  and  financial  support  for  research,  are 
necessary  and  will  almost  certainly  prove  to  be  cost-effective.  In  areas  where 
water  resource  management  will  become  crucial  because  of  large  changes  in 
rainfall  regimes,  an  improved  and  more  environmentally  sound  infrastructure  will 
be  necessary,  while  policies  encouraging  water  conservation  (e.g.,  pricing 
mechanisms  in  which  prices  reflect  social  scarcity)  will  need  to  be  introduced. 

The  electricity  generation  sector,  which  will  also  be  heavily  affected  by 
changes  in  climatic  patterns,  has  already  had  to  develop  adaptation  responses  to 
problems  outside  the  context  of  climate  change.  Facing  massive  river  and  dam 
silting  and  below-average  precipitation  to  replenish  hydroelectric  installations, 
some  nations  have  sought  to  develop  alternative  base  load  systems,  such  as  coal 
thermal.  A  more  systematic  assessment  of  these  responses  will  prove  to  be 
crucial,  particularly  in  the  light  of  the  indicated  importance  of  decarbonizing  the 
fuel  base  to  reduce  emissions. 

7.5.4  Modelling  Adaptation 

Climate  change  adaptation  models  have  been  developed  for  sea  level  rise, 
storminess,  and  changes  in  river  discharges.  A  methodology  for  assessing  damages 
can  be  found  in  Howe  et  al.  (1991)  and  in  Green  et  al.  (1994).   Penning-Rowsell 
and  Fordham  (1994)  present  a  general  methodology  for  adaptation,  while  models 
for  flood  hazard  assessment  and  management  can  be  found  in  Klaus  et  al.  (1994). 
Correia  et  al.  (1994)  present  a  framework  for  the  analysis  of  river  zone 
management,  including  the  institution  setting. 

Two  important  problems  can  be  mentioned  with  respect  to  the  modelling 
of  adaptation.    The  first  of  these  includes  the  general  set  of  greenhouse 
assessment  problems,  such  as  the  handling  of  time,  uncertainty,  and  discount  rate. 
The  second  is  specific  to  adaptation  and  involves  the  valuation  of  intangibles,  such 
as  wetlands  and  species.  A  valuation  in  dollars  per  person  for  protecting 
threatened  species,  for  example,  cannot  be  compared  with  a  valuation  in  dollars 
per  kilometre  for  protecting  threatened  coasts. 

7.6  An  Integrating  Approach 
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A  major  part  of  the  literature  on  response  options  focuses  on  the  various 
technologies  and  their  cost-effectiveness  within  a  specific  option.  The  options 
themselves,  however,  are  not  assessed  on  the  basis  of  broader  comparisons.  The 
main  explanation  for  this  "partial"  approach  is  probably  the  limited  availability  of 
reliable  and  accepted  data  about  the  options'  costs  and  benefits.  Moreover,  one 
increasingly  recognizes  that  the  costs  of  the  various  options  critically  depend  upon 
the  assimiptions  employed  about  the  efficiency  of  the  baseline  scenario  used  in 
the  analysis  (see  in  this  respect  also  Chapters  8  and  9). 

A  truly  generic  assessment,  however,  requires  an  integrating  framework 
that  allows  a  simultaneous  evaluation  of  the  various  technologies.  If  emission 
reduction  targets  are  to  be  achieved  in  an  optimal  way,  not  only  economically  but 
also  in  terms  of  flexibihty  and  spreading  of  risks,  a  full  picture  of  all  the 
alternatives  should  be  available,  so  that  an  integrated  portfolio  of  options  can  be 
determined  that  minimizes  the  costs  of  a  given  level  of  carbon  reduction.   (The 
integrating  approach  in  this  chapter  should  not  be  confused  with  the  integration  of 
costs  of  a  given  option,  nor  with  the  integrated  modelling  approach  treated 
elsewhere  in  this  report.)  One  option,  drawing  on  economics,  is  to  apply  a  cost- 
benefit  or  cost-effectiveness  criterion  for  decision  making.  That  approach  is 
highlighted  here.   Other  approaches  to  decision  making  are  also  possible.  One 
could  rely,  for  example,  on  the  concept  of  safe  minimum  standards  (which  may  be 
particularly  important  in  evaluating  investments  in  nuclear  power  plants.) 

The  need  for  an  integrating  approach  is  reinforced  by  the  fact  that  many  of 
the  options'  cost  functions  appear  to  show  internal  diseconomies  of  scale  (for 
some  evidence  with  respect  to  forestry  options  see  e.g.,  Moulton  and  Richards, 
1990;  Adams  et  al.,  1993;  Parks  and  Hardie,  1992;  and  Qureshi  and  Sherer,  1994; 
with  respect  to  energy  technologies,  see,  for  example,  Kram,  1994b,  and  Southern 
Centre/Riso,  1993;  for  somca  broader  analysis,  see  e.g.,  TNO,  1992).  The 
implication  is,  therefore,  that,  after  reaching  a  certain  scale  of  application,  the 
most  efficient  option  will  become  more  costly  than  another  option,  and  this,  in 
turn,  may  eventually  become  more  costly  than  yet  another  option.  The  discussion 
of  the  marginal  costs  of  CO2  abatement  in  Chapters  8  and  9  is  relevant  in  this 
respect. 

The  need  for  an  integrating  approach  is  further  reinforced  by  evidence  that 
cost  functions  per  option  also  differ  from  place  to  place  because  of  regional 
variations  in  supply  conditions,  levels  of  technology,  es^infrastructure,  and  other 
factors.   Evidence  suggests  that  even  within  a  relatively  homogeneous  area,  such 
as  the  European  Union,  marginal  emission  reduction  cost  curves  differ 
significantly  (COHERENCE,  1991);  a  fortiori,  one  can  hypothesize  that  some 
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options  can  also  be  significantly  more  cost-effective  in  one  place  than  in  another 
(McKinsey  &.  Company,  1989). 

A  number  of  integrating  studies  have  been  carried  out.  Those  using  a  "top- 
down"  methodology  attempt  to  provide  a  comprehensive  analysis  based  on 
generalized  estimates  of  the  cost  functions  of  the  various  options  (McKinsey  & 
Company,  1989;  Nordhaus,  1991a;  Jepma  and  Lee,  1994).  Others  using  a 
"bottom-up"  approach  commonly  pursue  a  greater  level  of  detail  (Jackson,  1991; 
Rubin  [et  al.?],  1992;  Mills  et  al.,  1991;  Kram,  1994b).^ 

In  the  "top-down"  studies,  the  regional  differences  between  the  cost 
functions  of  the  various  options  provide  a  strong  case  for  their  joint 
implementation,  if  the  ultimate  COj  reduction  target  is  to  be  achieved  with  the 
least  cost  (see  also  Article  4.2.B  of  the  Framework  Convention  on  Climate 
Change).  This  result  is  valid,  irrespective  of  which  parties  take  the  main 
responsibility  for  financing  the  options. 

However,  a  number  of  other  considerations  may  affect  these  conclusions. 
Often  the  various  sources  are  not  completely  clear  as  to  the  degree  to  which 
opportunity  costs,  social  and  institutional  barriers,  and  other  environmental  side 
effects  have  been  included  in  the  cost  functions  employed.   Furthermore,  as  was 
explained  in  Section  7.3,  cost  functions  may  differ  depending  on  whether  they 
have  been  designed  according  to  the  engineering  efficiency  approach  or  the 
welfare  economic  approach.  These  differences  will  obviously  have  a  strong 
impact  on  the  outcome  of  integrated  assessments.  To  the  extent  that  welfare 
considerations  will  cause  cost  functions  to  shift  upward  (especially  for  countries  in 
transition  and  developing  countries)  in  comparison  to  those  calculated  on  the 
basis  of  engineering  efficiency,  the  anticipated  scope  for  joint  action  may  be 
reduced. 

In  addition,  the  global  costs  of  achieving  ambitious  long-term  emission 
reduction  targets  (such  as  reducing  annual  emissions  to  half  the  present  level)  - 
commonly  estimated  at  several  hundreds  of  billions  of  dollars  per  armum  -  turn 
out  to  be  rather  sensitive  to  the  degree  to  which  one  assumes  scope  for  no-regrets 
policies,  especially  in  energy  conservation,  efficiency  improvement,  and  fossil  fuel 
switching. 

The  top-down  studies  also  indicate  that  in  the  optimal  case  all  options  must 
be  applied  at  the  same  time  and  in  all  regions,  albeit  to  different  degrees.  The 
largest  potential  in  overall  emission  reduction  at  current  cost  estimates  seems  to 
be  in  forestry  (especially  in  developing  countries)  and  energy  conservation  and 
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efficiency  improvement  (especially  in  the  OECD  and  Eastern  Europe). 
Renewable  energy  (particularly  in  developing  countries)  and  fuel  switching 
(especially  in  Eastern  Europe  if  methane  leakages  can  be  limited)  are  also 
important,  though  to  a  lesser  extent.  Needless  to  say  that  the  optimal  mix  may 
easily  change  as  a  result  of  future  technological  progress. 

To  Ulustrate,  the  results  of  a  linear  programming  optimization  procedure 
have  been  presented  in  Table  7.13  (Jepma  and  Lee,  1994).  The  procedure  starts 
from  a  predetermined  emission  reduction  target  and  is  applied  to  the  cost 
functions  of  the  various  options  per  region,  featuring  stepwise  increasing  marginal 
costs  and  based  on  data  from  a  combination  of  sources  (McKinsey  &  Company, 
1989;  Jackson,  1991;  Mills  et  al.,  1991;  and  Rubin  et  al.,  1992).  The  table  shows 
the  optimal  mix  of  options  both  in  terms  of  type  of  options  and  regions  of 
application  if  a  medium-term  emission  reduction  target  of  -2.4  GtC  is  to  be 
achieved.   (The  figures  between  brackets  show  the  outcomes  if  the  marginal  costs 
of  the  renewable  option  are  assumed  to  be  50%  of  those  in  the  base  case  and  if 
the  marginal  costs  of  the  forestry  option  are  doubled  compared  to  the  base  case. 
This  sensitivity  test  suggests  that  the  outcomes  are  fairly  robust.  Obviously, 
various  other  sensitivity  tests,  e.g.,  on  the  impact  of  changing  lifestyles,  could  be 
carried  out.) 

.  Kram  (1994b)  is  a  detailed  integrating  response  study  in  the  bottom-up 
tradition.   Here  an  overall  assessment  was  made  on  the  basis  of  long-term 
bottom-up  country  models  (MARKAL)  for  nine  Western  countries,  which 
integrate  more  than  70  technologies  (including  more  than  30  supply  technologies 
and  more  than  40  end-use  technologies).  A  range  of  targets  for  COj-emission 
reductions  by  2020  was  tested  to  determine  the  mix  of  energy  technologies  that 
would  produce  the  reductions  at  least  total  energy  system  cost.  The  results 
revealed  considerable  diversity  in  the  optimal  paths  of  the  different  countries  in 
terms  of  the  mix  of  energy  technologies  and  the  cost  and  amount  of  reductions 
that  could  be  achieved.  This  diversity  resulted  from  the  future  energy  needs  of 
the  various  countries,  as  well  as  their  existing  energy  systems,  natural  resources, 
technology  options,  and  energy  policies  (especially  with  regard  to  hydroelectric 
and  nuclear  power). 

Secondly,  the  study  calculated  the  marginal  costs  of  COj  reduction  for  the 
1990-2020  period  for  several  countries  (Figure  7.3).  The  results  clearly  show  that 
the  marginal  costs  vary  greatly  among  the  countries  according  to  their 
circumstances.   If  one  accepts  that  the  most  efficient  allocation  of  emission 
reductions  would  be  at  the  point  of  equal  marginal  costs,  these  results  provide 
further  justification  for  implementing  options  on  a  joint  or  cooperative  basis. 
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Figure  13,  Marginal  costs  of  COj  emission  reduction  for  a  number  of  OECD 

countries. 

Source:  Kram,  1994a 


There  appear  to  be  no  similar  detailed  integrating  response  studies  dealing 
with  the  developing  countries.   Given  that  the  level  of  economic  development  and 
other  circumstances  vary  greatly  among  developing  countries,  the  marginal  costs 
of  emission  reduction  for  them  are  likely  to  be  very  context  specific. 


[Table  7.13] 


7.7.  Regional  Differences  and  International  Cooperation 

Though  the  industrialized  countries  constitute  only  25%  of  the  world's  population, 
they  account  for  72%  of  the  current  global  energy-related  carbon  emissions  and 
some  80-85%  of  cumulative  historical  carbon  emissions  (Fujii,  1990).   Clearly, 
such  numbers  require  the  industrialized  countries  to  assume  their  historic 
responsibility,  which  has  been  translated  into  the  concept  of  "common  but 
differentiated  responsibilities"  mentioned  in  Article  3.1  of  the  FCCC.  This  has 
also  been  elaborated  in  Principle  7  of  the  Rio  Declaration,  which  states:  'The 
developed  countries  acknowledge  the  responsibility  that  they  bear  in  the 
international  pursuit  of  sustainable  development  in  view  of  the  pressures  their 
societies  place  on  the  global  envirorunent  and  of  the  technologies  and  financial 
resources  they  command." 

Table  7.14  compares  economic  development  and  energy  use  in  the  main 
regions  of  the  world  as  of  1990.  This  comparison  highlights  the  following  striking 
differences  between  and  within  regions  and  may  serve  to  clarify  why  the 
involvement  of  the  developing  countries  in  greenhouse  policy  formulation  and 
implementation  is  imperative: 

GNP  per  capita  varies  from  an  average  of  $440  for  Asia  to  $17,473  for  the 
West,  a  ratio  of  1:40.  The  differences  can  also  be  large  within  regions: 
sub-Saharan  Africa  has  a  per  capita  GDP  of  $322  as  against  $1,507  for 
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Nertfehortfieii  and  Se«thsouthern  Africa  [I.E.,  ALL  OF  AFRICA?]  together 
(a  ratio  of  1:5). 

The  relative  use  of  traditional  energy  (woodfuel,  crop  residues,  and  animal 
dung)  varies  from  1%  for  the  East  to  37%  for  Africa.  Within  Africa 
traditional  fuels  account  for  5%  of  energy  use  for  all  of  Africa  and  61%  for 
sub-Saharan  Africa  (1:12). 

The  relative  use  of  fossil  fuels  varies  from  57%  of  total  energy  use  for 
Africa  to  98%  for  the  Middle  East;  within  Africa  it  amounts  to  30%  for 
sub-Saharan  Africa  and  92%  for  all  of  Africa  (1:3). 

The  relative  use  of  nuclear  plus  renewables  varies  from  1%  for  the  Middle 
East  to  22%  for  Latin  America.  Within  Africa  it  amounts  to  3%  for  all  of 
Africa  and  9%  for  sub-Saharan  Africa. 

The  share  of  the  main  energy  source  as  a  percentage  of  total  energy  use 
varies  from  36%  for  the  East  (natural  gas)  to  64%  for  the  Middle  East 
(oil).   For  Africa  the  main  source  is  traditional  fuels,  for  Asia  coal,  and  for 
the  West  and  Latin  America  oil. 

In  terms  of  energy  use  per  capita,  the  regions  vary  from  0.53  toimes  of  oil 
equivalent  (toe)  for  Asia  to  5.06  toe  for  the  West,  or  by  a  ratio  of  1:10. 
Between  Western  subregions  it  still  varies  from  3.39  for  Western  Europe  to 
8.30  toe  for  Northern  America. 

Energy  intensity  (in  toe/SlOOO  GNP)  varies  from  0.29  for  the  West  to  1.19 
for  Asia  (1:4).   Between  Western  subregions,  it  varies  from  0.17  for 
Japan/ Australia/New  Zealand  to  0.4  for  Northern  America.  However, 
energy  intensity  in  toe/SlOOO  GNP  is  an  unreliable  yardstick  for 
comparisons  between  regions,  especially  between  developed  and  developing 
countries,  because  of  differences  between  nominal  GNP  and  real  GDP  in 
purchasing  power  parities  (PPP).  If  the  energy  intensity  data  in  the  table 
were  expressed  in  toe/SlOOO  PPP  (correction  based  on  UNDP  Human 
Development  Report,  1993  data),  the  energy  intensity  of  the  developing 
countries  would  become  0.35  but  that  of  the  developed  countries  would 
remain  0.34.   However,  this  would  still  ignore  the  relatively  higher  energy 
content  of  the  developing  countries'  imports  and  the  lower  energy  contents 
of  its  exports.   If  these  two  factors  are  taken  into  account,  energy  intensity 
in  the  developing  countries  would  be  higher  than  that  in  toe/SlOOO  PPP 
but  probably  lower  than  that  in  nominal  terms  (Ettinger,  1994). 
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Most  scenarios  suggest  that  during  the  next  decades  the  growth  in  carbon 
emissions  will  increasingly  take  place  in  the  developing  countries.  According  to 
the  data  summarized  in  Chapter  12  [THERE  IS  NO  CHAPTER  12.  PLEASE 
CHANGE]  of  this  report,  the  mean  world  aimual  growth  rate  of  COj  emissions 
for  over  twenty  scenarios  is  1.56%,  the  corresponding  mean  rate  for  China  is 
2.83%,  for  Eastern  Europe  and  ex-USSR  0.76%,  and  for  Africa  3.85%. 
Consequently,  according  to  one  of  the  scenarios  in  that  chapter,  ECS  92 
(dynamics  as  usual),  the  share  of  developing  countries  in  global  C02-emissions  is 
projected  to  reach  46%  by  2020  (as  compared  to  34%  for  the  OECD  and  20%  for 
countries  in  transition).   However,  according  to  the  various  World  Energy  Council 
(WEC)  scenarios,  the  developing  countries'  share  in  2020  would  be  over  60%.  In 
any  case,  it  seems  most  likely  that  the  developing  countries  as  a  group  will  start  to 
become  the  major  CO2  emitters  within  a  few  decades.  This  picture  is  reinforced 
if  the  emissions  of  CH4  from  wetland  rice  cultivation  and  from  enteric 
fermentation  are  also  taken  into  account. 

At  the  same  time  it  is  clear  that,  although  the  scope  for  effectively  applying 
policy  options  in  the  developing  countries  seems  to  be  significant  (for  a  recent 
evaluation  of  various  technical  options  at  the  country  level,  see  UNEP,  1994),  so 
are  the  obstacles  to  be  encountered.   Indeed,  the  availability  of  technical  options 
for  higher  energy  efficiency,  to  give  just  one  example,  does  not  guarantee  their 
adoption  on  a  large  scale.  There  may  need  to  be  a  significant  stimulus  to  achieve 
widespread  efficiency  improvements,  particularly  in  markets  characterized  by  high 
implicit  discount  rates.   But  a  combination  of  education,  financial  incentives,  and 
minimum  efficiency  standards  coupled  with  freedom  from  distortionary  policies 
can  effectively  transform  energy  use  markets  so  that  large  energy  savings  and 
emission  reductions  are  achieved  along  with  net  economic  savings  (Geller  and 
Nadel,  1994). 

The  literature  on  the  adoption  and  diffusion  of  technology  clearly  indicates 
that  while  profitability  is  probably  the  most  straightforward  determinant  of  the 
adoption  of  a  new  idea,  a  new  technology,  or  new  equipment,  various  other 
factors  may  also  be  important.  A  review  of  recent  research  into  the  diffusion  of 
energy  technologies  in  developing  countries  shows  that  there  are  many  financial, 
institutional,  and  other  factors  that  influence  the  successful  adoption  of  these 
technologies  (Bamett,  1990;  Ghai,  1994).  In  Africa,  for  example,  social  resistance 
has  impeded  the  diffusion  of  drought-tolerant  crop  varieties,  and  such  resistance 
could  also  inhibit  the  adoption  of  new  energy  technologies.  Often  the  initial 
awareness  of  benefits  and  new  opportunities  may  be  contingent  upon  such  factors 
as,  say,  wirming  over  svomcn  to  introducethe  support  of  women  for  more  energy- 
efficient  cooking  stoves. 
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Moreover,  one  necessary  ingredient  for  the  adoption  of  new  technology, 
namely  a  pool  of  local  skills  to  draw  upon,  may  be  lacking  or  inadequate  in  many 
cases,  so  that  even  proven  technologies  may  spread  rather  slowly  in  these 
countries.  For  all  these  reasons  an  adequate  and  timely  process  of  energy 
efficiency  institution  building  seems  imperative,  especially  in  developing  coimtries. 
There  is  evidence  that  the  existence  of  such  separate  institutions  has,  for  instance, 
helped  Indonesia,  South  Korea,  and  Thailand  make  greater  headway  in  the  scope 
and  coverage  of  their  energy  efficiency  policies  and  programmes  (Byrne  et  al., 
1991). 
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1.  The  'engjneering  efficiency"  approach  detennmes  the  financial  costs  and  benefits  of  various 
options  to  an  individual  agency  or  other  entity  in  terms  of  CO2  emission  reduction/absorption;  in  the 
"welfare  economics'  approach  the  broadly  defined  costs  and  benefits  of  options  to  society  are 
determined.  These  two  approaches  wUl  be  further  discussed  in  Section  73. 

2.  For  an  example  of  energy  conservation,  see,  for  example,  Rubin  (1992).  Here  75%  of  employer- 
provided  parking  places  and  tax  remaining  places-are  eliminated  ^it^||u£': j(|m^^pPI^|to  reduce 
solo  commuting  by  15-20%  in  the  U.S.   Net  costs  are  estimated  to  be  -$22/tC  (i.ei  savings^^l^ 

3.  It  may  seem  that,  although  conceptually  the  above  categories  are  piip|||||^distinct,  in  real  life 
they  are  not  strictly  mutually  exclusive;  that  is,  measures  are  conceivable  that  can  be  classified  in 
more  than  one  category.  An  example  would  be  the  plantation  of  forests  or  biomass  that  are  used 
for  energy  purposes.  These  measures  seem  to  fall  both  in  category  3  (renewable  energy)  and  in 
category  6  (enhancing  carbon  sinks).  However,  this  is  not  the  case.  The  measures  are  an  example 
of  how  easily  markedly  different  processes  that  imderlie  the  measures  can  be  confiised. 

In  the  case  of  forests,  broadly  three  types  of  measures  are  conceivable  to  fix  carbon:  (1)  to 
afforest  new  lands  to  let  the  forest  simply  mature;  (2)  to  plant  forest  and  sequester  the  timber 
derived  from  it;  and  (3)  to  use  the  wood  for  energy  purposes  on  a  sustainable  basis,  asd  thereby 
avoiding  the  alternative  use  of  fossil  fuels.  In  the  following,  (1)  and  (2)  are  discussed  in  Section  4.6 
(forestry  options),  whereas  (3)  belongs  to  the  renewable/biomass  category.  With  respect  to  (3),  it 
should  be  borne  in  mind  that  sometimes  a  significant  amount  of  additional  energy  may  be  required 
to  turn  the  biomass  into  energy.  This  is,  for  instance,  the  case  for  the  production  of  ethanol  from 
com,  w4iere  additional  energy  requirements  are  of  the  order  of  the  energy  content  of  the  produced 
ethanol  itself  (Swisher  el  al.,  1993). 

Another  example  would  be  to  classify  an  Integrated  Gasification  Combined  Cycle  (IGCC) 
or  the  hydrocarb  process  both  in  category  1  (energy  saving  and  efficiency)  and  in  category  3  (clean 
fossil  technologies).  In  the  present  paper  both  are  considered  primarily  dean  technologies  and 
ghanginglpfejeliangii  the  energy  conversion  process  to  the  extent  that  it  violateoOfjp|>j||B>|  the 
definition  for  the  energy  saving  and  efficiency  category.   However,  ultimately  no  clear  distinction  can 
be  made  as  modifications  in  the  energy  conversion  process  become  minor  (due  to  further 
technological  progress). 

4.  For  instance,  a  set  of  three  studies  for  Poland,  Hungary,  and  the  former  USSR  bdicate  that  a 
combination  of  energy  efficiency  improvements,  fuel  substitution,  and  structural  rhange  (Chandler, 
1990),  could  reduce  carbon  emissions  by  40-60%  from  base  case  projected  levels  by  2030:  ut1hc*ed« 
|f  Poland,  from  360  MMT  in  3030  to  117  MMT  (Sitnicki  et  al.  (1990)  suggest  that  baseline 
misacm:ii^J260  Mt  Im^atoobes  •  cooflrm]  could  be  reduced  to  117  Mt  by  2030;  aa^for  the  former 
tisSR,  ■40'%  (Makarov  and  Bashmakov  (1990)  suggest  that  a  reduction  of  40%  would  be  f«asB|^ 

5.  For  a  more  detailed  discussion  of  top-down  versus  bottom-up  modelling,  see  Chapters  8  and  9. 

6.  The  WEC  distinguishes  four  scenarios  for  the  energy  mix  in  2020:  scenario  A  assumes  high  annual 
world  economic  growth  (especially  in  developing  countries),  high  annual  energy  intensity  reduction, 
and  very  high  total  energy  demand;  scenario  Bl  assumes  moderate  annual  world  economic  growth 
rates,  moderate  annual  energy  btensity  reduction,  and  high  possible  total  energy  demand;  scenario 
B,  the  reference  scenario,  assimies  high  annual  energy  intensity  reduction;  scenario  C  assumes 
moderate  annual  economic  growth,  very  high  energy  intensity  reductions,  and  relatively  low  total 
energy  demand  in  2020. 
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7.  Here  a  set  of  definitions  io  used  oftalcnlrOam  Rogner  et  al.  (1993)  is  tiised  to  distinguish  between 
different  levels  of  geological  certainty  and  economical  and  technical  feasibility.  The  resource  base  is 
defined  to  consist  of  (proven)  reserves  and  resources.  Reserves  are  those  occurrences  that  are 
identified,  measured,  and  known  to  be  economically  and  technically  recoverable  at  current  prices  and 
inin£  current  technologies.  Resources  comprise  the  remainder  of  occurrences  with  less  certain 
geological  and  economic  diaracteristics.  Additional  quantities  with  unknown  certainty  of  occurrence 
or  with  unknown  or  no  economic  significance  at  present  are  referred  to  simply  as  occurrences. 

8.  Total  global  energy  consumption  amoimted  to  10  TWyr  in  1990,  whereas  identified  fossil  enei^ 
reserves  are  estimated  at  1,280  TWyr  (Rogner  et  al.  1993,  p.  ^i).   Obviously,  the  use  of  an 
aggregate  figure  for  fossil  fuels  (which  ic  mostly  coal  reserves)  should  not  obscure  the  fact  that  the 
corresponding  time  span  for  the  individual  fossil  fuels  differs  widely.  The  ratio  of  proven  reserves  to 
annual  production  (R/P)  is  estimated  at  about  55  years  for  natural  gas,  at  about  '15  years  for  oil,  and 
at  about  235  years  for  coal. 

9.  IPCC  carbon  emission  rates  are  13.8,  18.7,  and  26.6  kg  of  carbon  per  GJ  for  natural  gas,  crude  oil, 
and  coaJ  respectively  (Inaba,  1990!-ppr-4©-45t). 

10.  This  is  because  type  of  transport  and  combustion  technologies  are  roughly  the  same  for  natural 
gas  and  hydrogen  (Hj). 


11.  Adoptingfts5na>a|g  a  100-year  time  horizon.  For  the  various  ways  the  GWP  measure  for 
methane  could  be  calculated,  see,  for  example,  Reilly  and  Richards  (1993),  pp.  '11  61. 

12.  This  would  imply  W^3-41%  (for  distribution)  and  1-63%  (for  production)  of  the  carbon 
reduction  eflGpoffi  a  100%  coal-to-natural-gas  fuel  switch  tfi^oidbe  offset  by  the  detrimental  effects 
of  leakage. 

13.  BEP  =  A/((MERxGWP) *  A)A/I(MERxGWP)-f  A],  with  BE?  =  break-even  pomt,  A  =  (26.6- 
13.8)x3.67,  MER  =  mass:energy  ratio  for  methane  =  22  Tg  CH4/EJ,  GWP  =  global  wannmg 
potential  index  of  methane  =  21.  The  term  A  is  the  additional  mass  of  carbon  dioxide  released  Sy 
coal  compared  to  methane  per  GJ  of  energy  and  is  composed  of  the  difference  between  the  carbon 
emis^on  rates  of  coal  and  methane  (26.6  and  13.8  kgC/GJ  re^ectively;  sec  note  9)  times  the  mass 
ratio  of  COjtC  (3.67),  and  asGumingThe  calculation  assumes  a  zero  leakage  rate  of  methane  in  coal 
production;  for  other  figurec  see  note  7.   Similarly,  a  100%  oil-to-gas  switch  shows  a  break-even 
point  at  about  4%  leakage. 

14.  See,  for  example,  Jackson  (1991)  for  an  analysis  of  cost-effectiveness  in  the  UK,  explicitly 
incorporating  CH4  leakage. 

15.  In  this  respect,  electricity  and  hydrogen  appear  as  MtbeF-ideal  intermittent  energy  carriers  from  z 
technological  point  of  view. 

16.  See,  for  example,  IPCC  (1991),  Johansson  et  al.  (1993),  WEC  Commission  (1993),  or  WEC 
(1994).  With  respect  to  the  classification  of  renewables  as  commonly  used,  it  should  be  noted  that 
clac6if)iing|Ks-iiJass!yScaU<^      geothermal  as  a  renewable  resource  is  technically  not  correct,  as  the 
Earth's  core  will  slowly  but  surely  cool  down. 

17.  Solar  can  broadly  be  subdivided  into  solar  thermal,  solar  architecture,  solar  thermal-electric, 
photovc^aic  systems,  and  thermochemical  and  photochemical  systems.  Wind  and  hydro  are 
relatively  homogeneous  energy  technologies,  the  largest  differences  stemming  from  scale  of 
operation.  Here,  a  distinction  is  made  between  small/medium-scale  and  large-scale  conversion 
systems.   In  contrast,  biomass  appears  to  be  the  most  complex  of  all  technologies.  A  wide  range  of 
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conversion  technologies  exist,  depending  on  the  type  of  feedstock  used  and  the  form  of  energy 
output  required.   Geothermal  consists  of  hydrothermal,  hot  dry  rock,  geopressured,  and  magma 
resources  technologies.   Current  ocean  technologies  encompass  tidal,  wave,  biomass,  and  salt  and 
thermal  gradient  technologies. 

18.  Different  approaches  exist  to  get  hold  ofdcscribc  the  concept  of  'practicable,'  i.e.,  realizable, 
potential.  Mest-lWis^  common  dimenoiona  of  diGtinctionpt^pf^iSo1p|  are  physical,  technical, 
and  economical,  tMb  tiu^  order,  vnth  each  eosuiag  categoiryenouLng  poteatiaic  each  being  a  subset 
of  the  earlier  mentioned  one.  The  physical  potential  would  denote  the  maximum  potential  that  is 
constrained  by  geological,  geophysical,  and  meteorological  factors  only.  Technical  potential  would 
refer  to  that  part  of  physical  potential  that  can  be  exploited  given  the  state  of  technology  at  hand. 
Finally,  the  remainder  of  technical  potential  after  excluding  what  is  not  deemed  feasible  due  to 
prevailing  economical  constraints  (such  as  a  prohibitive  level  of  costs,  institutional  constraints  in  the 
energy  markets,  etc.)  would  pass  for  economic^  potential.   Notice  that,  for  the  present  purpose,  the 
former  of  the  three  can  be  considered  constant  in  time,  whereas  the  others  prevail  only  at  a  certain 
moment. 

Practicable  potential  now  would  be  defined  as  somewhere  between  technical  and  economical 
potential.  This  is  because  the  two  do  not  hold  independently  but  are  interlinked  in  time:  e.g., 
technical  potential  is  enlarged  by  investments  that  stimulate  technological  progress.   Conversely,  the 
impact  of  improvements  of,  say,  silicon  films  in  photovoltaic  systems  on  the  price  of  solar  energy  is 
obvious. 

19.  For  example,  wind  energy  costs  depend  heavily  on  wind  speed,  and  solar  energy  costs  on  solar 
irradiancc,  features  that  are  not  equally  favourable  throughout  countries  (/locations)  and  ceafions 
(/hours  of  the  day)for  «ij;b<ad(^  times  of  day. 

20.  It  ii  not  possible  to  feUderiye  cost  developments  for  individual  subclasses  of  technologies  from 
the  «Blisted  Tigures,  as  they  are  aggregated  into  ranges  of  similar  technologies.   The  same  holds  for 
disparities  stemming  from  differences  ^mohg  sites.   It  should  be  realized  that  titi^bese  limitatioas 
significantly  hampers-a  direct  comparison.   However,  a-greater  sense  of  detail  was  avoided  for  the 
purpose  of  clarity. 

21.  Estimates  are  213-29.6%  m  2020  (WEC,  1993b),  15%  (6%  of  which  comes  i|iS|hydro)  in  2020 
(Griibler  el  al.,  1993),  and  close  to  43%  in  2025  (Johansson  el  al.,  1993).  According  to  Griibler  et  al. 
(1993)  the  latter  estimate  is  most  likely  too  high.   It  would  imply  an  unprecedented  rate  of  change  of 
technology  and  infrastructure.   For  comparison,  it  took  about  80  years  for  the  market  share  of  oil  to 
grow  to  40%  of  global  primary  energy  supply  (i)-(Grubler  et  al.  1993,  p.  580).   In  the  past  the  mean 
durationjrtierwLl  for  replacing  most  technological  systems  was  about  30  to  40  years. 

22.  For  an  extensive  discussion  of  the  nuclear  option,  see  Volume  2  of  this  report. 


23.  Oaly-rRelatively  minor  fossil  fuel  inputs  are  used  tbattO  support  the  overall  functioning  of  th« 
bree<K|  reactorl 

24.  Recovery  of  carbon  at  power  plants  has  the  advantage  of  removing  carbon  from  energy  before  it 
is  distributed  to  highly  dispersed  end-users. 

25.  As  the  use  of  coal  and  natural  gas  is  predominant  in  power  plants,  virtually  no  technologies  are 
based  on  oil. 
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26.  In  an  ICGCC  coal  is  converted  prior  to  combustion.  After  some  intermediate  steps,  CO2  and  H2 
are  obtained.  The  former  can  be  extracted  by  absorption  at  a  98%  rate  and  the  latter  can  be  used 
either  directly  b  the  power  plant  to  generate  electricity  or  as  a  carbon-lean  fuel  to  be  distributed  to 
end-user  sectors,  like  households,,  industry,  or  transport.  Modifying  a  conventional  gas-  or  coal-fired 
boiler  flomgc  to^^^^_f*"*"g"C  ^^  oxidant  from  air  iato  pure  oxygen.  The  gas  turbine  of  an 
I^GCC  or  a  STE^^^^^^^^^^Iliffi!^^^  can  be  modified  by  changing  the  combustion 
medium  into  an  O2/CO2  medium. 

27.  Cost  information  stiggests  ^^absorption  and  oxyfuel  combustion  (e-b^||P|^  most  attractive. 
It  appears  that  absorption  is  cheaper  for  conventional  coal-derived  flue  gases  than  for  natural  gas 
flue  gases.  An  ICGCC  is  promising,  though  it  is  not  clear  yet  whether  it  will  replace  proven 
conventional  pulverized  coal-fired  installations. 

28.  In  enhanced  oil  recovery,  part  of  the  injected  CO2  reenters  the  atmosphere,  and  in  food 
packaging  CO2  is  released  within  days  or  weeks.   Obviously,  insofar  as  CO2  is  released  into  the 
atmosphere,  these  applications,  though  perhaps  commercially  interesting,  are  of  no  .significant  long- 
term  interest  from  an  abatement  point  of  view. 

29.  Applications  of  carbon  (dioxide)  storage  exist  in  |^food  industry,  chemical  manufacturing, 
metal  procesung,  and  enhanced  oil  rocovBry,  the  latter  havbg  the  highest  potentialiSB(|^^^iM,  Is 
«Enhanced  oil  recovery^^^^lH  carbon  dioxide  is  pumped  into  the  production  well  to  be  used  as  a 

mtscible  flooding.   This  enhances  oiliog^lj^  recovery  rates||ia|i|^i^£^t  p^i3i^ 

30.  The  aggregat^^wl^^}  potential  of  the  other  applications  is  limited  to  several  hundreds  of  MtC 
per  year.   Storage  capacity  of  the  ocean  is  very  uncertain,  as  it  already  contains  nearly  40,000  GtC  as 
(dissolved)  CO2  (compared  with  some  750  GtC  m  the  atmosphere)  and  for  env-ironmental  reaconc. 
What  ic  more^Oft^eif,  most  of  the  injected  carbon  will  come  out  after  Hfry  to  several  hundreds  of 
years,  depending  on  the  depth  and  waymethod  of  injection.  There  may  also  be  objecti^^^^^^ 
ft<;H9ge  because  Qf^^^|;^£^^i^^^^mental  impacts' from  the  methods  used. 

31.  Here,  forestry  measures  are  understood  to  be  distinct  fromdii^ingiiist^  from'^^^^^^  biomass 
as  a  renewable  energy  resource.   Forests-er^  like  biomass^'  could  be  dassiHed  as  a  renewable  energy 
resource  if  harnessed  for  energy  purposes  and  harvested  in  such  a  way  that  supply  is  practically 
unlimited  and  no  additional  energy  is  required.   This  means  that  the  plantation  is  rotated  after 
harvest  and  net  energy  inputs  for  the  energy  extraction  and  conversion  process  are  negative,  or  pvss 
energy  inputs  are  easily  paid  out  of  the  extracted  energy. 

Inherently,  net  carbon  emissions  (removal)  will  be  zero  for  such  applications  of  forests  or 
biomass,  since  the  carbon  emitted  by  combustion  is  exactly  offset  by  the  carbon  removed  in  the  next 
generation  of  plantations.   Onfy  )/ the  forest/bioroasc  energy'  substitutes  for  fossil  energy  are  1 
carbon  emissions  ^ii^educed..^|^j^  iht  forest  nr  biomass  energy  substitutes  for  fo 


32.  Afforestation  is  defined  to  apply  to  lands  that  have  not  been  covered  by  forests  for  the  last  SO 
years.   In  contrast,  reforestation  applies  to  lands  that  were  denudeddeared  no  longer  than  50  years 
ago. 

33.  See  Volume  2,  Chapter  24,  Mana^qient  of  Forests  for  Greenhouse  Gas  Emissionsji  for  a 
detailed  assessment  of  the  subclasses  of  forestry  measures,  the  potential  quantity  of  carbon  that 
could  be  conserved  and  sequestered  by  forestry  measures,  the  effects  of  climatic  and  demographic 
changes  on  the  potential  amount  of  carbon  conservation  and  sequestration,  and  the  new  research 
directions  needed  to  improve  the  assessment  cind  development  of  practical  forestry  strategiespfiee 
also  IPCCt  Second  Assessment  Report,  WGIl  ,  Chapter  IIl.F.  Establishment  and  Management  of 
Forests  for  Mitigation  of  CO^  Emiscionc. 
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34.  Besides  carbon  stored  in  the  forest  wood  itself,  soil  carbon  and  carbon  in  other  biomass  grovmg 
in  the  forest  are  included. 

35.  Cumulative  uptake  refers  to  the  total  amount  of  carbon  stored  after  a  certain  period,  usually 
after  the  forest  has  reached  maturity  and  no  (net)  carbon  is  absorbed  any  morer47»:7vm  G^i>^  H^l^^ 
|ie  incremental  uptake  is  niL  Annual  uptake  is  usually  described  by  one  figure  only,  this  being  an 
average  amiual  uptake  rate.   However,  for  plantations  {«-b«-logged  before  maturity,  it  should  be 
noted  that  the  absorption  rate  is  dependent  on  the  age  of  the  forest.   In  contrast  to  widespread 
belief,  annual  uptake  of  a  newly  planted  forest  is  in  general  not  greatest  in  the  fu'st  years,  but  only 
after  the  forest  has  reached  an  intermediate  age.   More  precisely,  accumulated  uptake  is  an  S- 
shaped  growth  function  of  time  (Nilsson,  1982;  Cooper,  1983). 

36.  Opportunity  costs  for  land  would  in  theory  largely  be  reflected  in  land  market  rents. 

37.  For  an  overview  of  the  costs  of  greenhouse  damages,  see  also  Chapter  3  of  this  report  and 
Chapter..  [CHAPTER  NUMBER  TO  BE  SUPPLIED]  of  tha  IPCC  WG  II  reportgiOT^ 

38.  Note  that  the  distinction  between  bottom-up  and  top-down  modelling  employed  here  does  not 
coincide  with  a  similar  distinction  elsewhere  in  the  literature,  where  toi}-down  modelling 
i^tpproactes'are  associated  with  macroeconomic  modelling  techniques  assuming  fixed  behaviourial 
patterns,  and  bottom-up  modellingapproacfaes  with  identifying  the  (technical)  opportunities  presented 
by  a  changeable  world. 
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Table  7.1 
Energy  Efficiency  Potential:  Summary  of  Opportunities  and  Barriers 


(A) 
Estimated  Share 
or  Total  Final 
Consumption 

(B) 
Estimated  Share  of 
Tout  COj  Emissions 

(Q 
Total  Energy 
Savings  Possible' 

(D) 
Eosting 
Marfcer/Inst. 
Baniert' 

(E) 
Potential 
Energy  Savings 
Not  Likely  to 
be  Achieved' 

Residential  Space  Heating  & 
Condiliooing 

11.4% 

11% 

10-50% 

Some/Many 

Mixed 

Residential  Water  Heating 

3.4% 

3.6% 

Mi;>ed 

Some/Many 

Mixed 

Residential  Refrigeration 

1.1% 

2.1% 

30-50% 

Many 

10-30% 

Residential  Lifting 

0.6% 

12% 

o«r50% 

Many 

30-50% 

Commeicial  Space  Healing  & 
Conditioning 

6.1% 

6J% 

Mixed 

Some/Many 

Mixed 

Commercial  Lighting 

U% 

3.4% 

10-30% 

Some/Many 

Mixed 

Industrial  Motors 

43% 

9.0% 

10-30% 

Few/Some 

0-10% 

Steel 

4.1% 

4.6% 

15-25% 

Few/Some 

0-15% 

Chemicals 

g.4% 

5.9% 

10-23% 

Few/Some 

0-20% 

Ptilp  and  Paper 

2.9% 

U% 

10-30% 

Few/Some 

0-10% 

Cement 

0.1% 

0.9% 

1040% 

Few/Some 

0-10% 

Passengers  Cars 

li.2% 

13.7% 

30-50% 

Many 

20-30% 

Goods  Vehicles 

10.1% 

9.1% 

20-»0% 

Some 

10-20% 

Hov  to  read  this  table:  For  example,  for  lighting,  over  S0%  per  unit  savings  would  result  If  ihc  best  available  technology  were  used  to  replace  the 
average  lighting  stock  in  use  today  over  the  next  ten  to  twenty  years.  Some  of  these  savings  »t>uld  take  place  under  c listing  market  and  policy 
conditions.  But  due  to  the  many  martel  and  institutional  barriers,  there  would  remain  a  30-50%  potential  for  savings  that  would  iwt  be  achieved. 

1.  Based  on  a  comparison  of  the  average  efficiency  of  existing  capiul  siocks  to  the  efHciency  of  the  best  available  new  technology.  This  esthnate 
includes  the  savings  likely  lo  be  achieved  in  response  to  cvrreni  market  forces  and  government  policies  as  well  as  those  potential  savinp  (indicted 
in  Column  E)  not  likely  lo  be  achieved  by  current  efforts. 

2.  Exicm  of  casting  market  and  institutional  barrien  to  efTiciency  investmenu 

3.  Potential  tavings  (reductions  per  unit)  not  likely  to  be  achieved  in  response  to  current  marker  forces  and  govenuacal  po&cics  (pan  of  lixal 
indicated  in  Column  Q. 

4.  Eaei|y  use  only. 


SOURCE:  lEA/OECD  (1991).  p.  16. 
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Table  7.2 
Regional  Potentials  for  Reducing  Industrial  Carbon  Emissions  by  Cost  Categories 

(in  Mt  Carbon) 


Cost  uving 

or 

Cost(- 

c  100  $/t  C) 

Co«i(> 

100  $/l  C) 

a(  moderate  cost 

15 

45 

84 

95 

)  116 

n/3 

25       > 

207 

6 

»/.     ) 

47 

n/a 

0 

2 

98 

48 

53 

n/a 

165 

}223 

50 

n/a 

10 

n/a   ) 

113 

n/a 

}    >  46 

0 

10 

46 

12 

41 

n/» 

19 

)    « 

n 

n/a 

3 

n/a 

}78 

n/a 

}  >  56 

0 

8 

56 

75 

139 

S4 

279 

)372 

>79 

>  25 

19 
0 

n/a    1 
20 

.  238 

n/a 
200 

}  309 

Market  Economics 
Efficiency  improwement 
Structural  change/recycling 
Fuel  Substitution 
Piocess  technology  process 

Reforming  economics 
Efficiency  impttjvement 
Structural  change/recycling 
Fuel  Substitution 
Process  technology  process 

Developing  countries 
Efficiency  impiT>»ement 
Structural  change/recycling 
Fuel  Substitution 
Process  technology  process 

World 

Efficiency  improvement 

Structural  change/recycling 

Fuel  Substitution 

Piocess  technology  process 

■  Total  reduction  potential  could  be  higher  because  not  all  measures  have  been  assessed, 
n/a  c  Not  assessed. 


144 
120 
>  >6 

100 


>  lot 

>  215 

>>  10 
56 


>S3 

>  48 
>>  3 

64 


}370 


}   382 


)  168 


>  298 

>  383 
>>  19 
220 


}920 
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Table  73.  Energy  mix:  annual  past  and  future  global  fuel  use  (Gt  oil  equivalent) 
Source:  WEC  Commission  (1993) 


1960 

1990 

in 

2020 

A 

Bl 

B 

C 

Coal 

1.4 

2.3 

4.9 

3.8 

3.0 

2.1 

Oil 

1.0 

2.8 

4.6 

4.5 

3.8 

2.9 

Natural  Gas 

0.4 

1.7 

3.6 

3.6 

3.0 

2.5 

Nuclear 

- 

0.4 

1.0 

1.0 

0.8 

0.7 

Large  Hydro 

0.15 

0.5 

1.0 

1.0 

0.9 

0.7 

Traditional" 

0.5 

0.9 

1.3 

1.3 

1.3 

1.1 

"New" 

. 

0.2 

0.8 

0.8 

0.6 

1.3 

Renewables 

Total 

3.3 

8.8 

17.2 

16.0 

13.4 

11.3 
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Table  7.4.  Contribution  of  various  technologies  to  renewable  energy  production  in  1990. 


Energy 
technology 

Mt  oil 
equivalent 

%  of  total 

New  renewables 

Solar 

12 

0.8 

Wind 

1 

0.1 

Geothermal 

12 

0.8 

Modem 
biomass 

121 

0.0 

Ocean 

0 

0.0 

Small  hydro 

i8 

12 

Total  new 
renewables: 

164 

10.5 

Traditional 
biomass 

930 

59.6 

Large  hydro 

465 

29.8 

Total 

1559 

100 

*  Includes  fuelwood  and  dung 
Source:  WEC,  1993 
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Table  7^.  Current  use  and  practicable  potentials  of  renewable  energy 
technologies  (TWh^/yr)  [WHAT  IS  e?]. 


Practicable  potential  estimate 


Current 

Johansson 

Swisher 

WEC 

use 

et  al.  2020 

et  al. 
2030 

2020 

Solar 

54 

1395 

489-1592 

Wind 

3.2 

4931 

20148 

Hydro 

2281.2" 

6000-9000 

1077 

8295" 

Geothermal 

37-57 

>53 

1499 

178-405 

Ocean 

0.6 

247 

48-240 

Traditional 

4170 

8003 

7031-7269 

biomass 

Modern 

543 

biomass' 

33,000 


Source:  Johansson  et  al.  (1993),  WEC  (1993),  Swisher  et  al.  (1993),  Read 
(1994b). 

a.  includes  81.7  TWh/yr  for  small  hydro. 

b.  includes  211-308  TWh/yr  for  small  hydro. 

c.  modern  biomass  refers  to  the  use  of  biomass  (e.g.,  timber  or  sugar 
cane)  for  the  production  of  electricity,  liquid  fuels,  and  heat  using  modem 
technology. 

d.  average  to  2050.  For  a  fuel,  thermal  energy  equivalent  is  appropriate; 
in  the  case  of  biofuel-based  power  generation,  a  conversion  efficiency  of 
50%  is  appropriate  with  advanced  technology  expected  to  be  available  in 
2000.  [WHAT  DOES  THIS  NOTE  REFER  TO  IN  THE  TABLE? 
COULDNT  FIND  THE  SUPERSCRIPT.] 
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Table  7.6 
Estimates  of  current'  and  future  costs  of  renewable  energy  technologies  (US$0.01  per  kWh) 


Source 

Solar 

Wind 

Hydro 

Gcolhcrmal 

Ocean 

1 1 

Biomass 

Bectric 

Fuel  ($/GJ) 

iea' 

0-14" 

7.6-41.9  (15-174)"  5.2- 

26(22.61)' 

5(50)» 

(all  1984  £c) 

33-4  j" 

(4.48-7.62) 

(20)' 

(3.6-9.2) 

5-20"" 

(pAWh) 

(113-50) 
6.7-8" 

738-12.80 
(lAS-ie-eS" 
1Z70-20.8S' 
15.64-23.70" 

Johansson  et 

43-11.7(73-32.8)' 
4.9-9  (iS-ZSf 

3.1J4.46 
(4.29-8.4 

3-12* 
0.15-23' 

(5-30)" 
12-25" 
22-30° 

1.86-173 
(173-3^6) 

Swisher  el 

5-10l(12) 
4-8^25) 
4-8<1C30) 

3^5(7) 

5-10(5) 

8-10" 

5 

6'(8) 
71(13) 

r 

WEC* 

no  storage 
0.4-23(05-10)' 
1-11  (lJ-28)' 
4-14  (28-15)' 

3-9  (5-10) 

n/a 

(5-12)'" 
(5-7)" 
(12)° 
(10-14)° 

n/a 

n/a 

1.  current  cocU  in  parentheses.  2.  1984.  a.  passive  solar,  b.  active  solar,  c.  solar  thermal  (line  focus);  d.  solar  thermal  (line  focus);  e.  solar  ihcrmat 
(point  focus);  f.  solar  ihermal-electrc;  g.  photovoltaic;  h.  small/medium  wind  energy  conversion  systems;  i.  large  wind  energy  conversion  systems; 
j.  small  hydro;  II  electric,  I.  direct  heat;  m.  tidat;  n.  wave;  o  salt  gradient;  p.  ocean  thermal;  q.  eihanol  from  com;  r.  ethanol  from  sugar;  s. 
eihanol  from  wood;  t.  methanol  from  wood;  u.  methanol  from  herbage;  v.  biomass. 

Sources:  IEA(1987);  Johansson  et  al  (1993);  Swisher  et  al.  (1993);  and  WEC  (1993) 

[TABLE  NEEDS  TO  BE  TIDIED  UP.    lEA  SOLAR  ESTIMATES  ARE  RUN  TOGETHER. 
NEW  ESTIMATES  SHOULD  START  ON  A  NEW  LINE.   WHAT  DOES  £c  MEAN  IN  lEA 
SOLAR?   NOT  CLEAR  THAT  ELECTRIC  AND  FUEL  ARE  SUBCATEGORIES  OF 
BIOMASS.   MIGHT  BE  CLEARER  IF  THE  TWO  SEPARATE  LINES  UNDER  BIOMASS 
WERE  JOINED.   IT  WOULD  ALSO  FACILITATE  COMPARISON  IF  ALL  PRICES  WERE  IN 
CURRENT  OR  1990  $.  NOTE  V  (BIOMASS)  IS  VAGUE.] 


[RESPONSE  TO  ABOVE  SUGGESTIONS  NOTED,  BUT  DO  NOT  HAVE  ELECTRONIC 
COPY  OF  TABLE  TO  UPDATE.   PLEASE  PROVIDE.] 
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Table  7. 


Exampt«  of  «>oid«d  nniuMns  and  llMir  costs:  rlfniicil,« 


ElKtrkity' 

(Cost  o(»\-o«dc<J  resource  (eoall   $<i  4-l.'I.Whci 

Ejid-uM  efficienc.' 
Available  iectinoloyie\ 
Lighiin;  (incandesccni  —  compaa  nuorcvccni  i 
Li(fatinf  lefficieni  fluorescent  tube) 
Lighiing  (lamps,  ballasts,  reflectors) 
Re(rigerator/(reeier.  t>0  CFC* 
Freezer,  automatic  delrost.  no  CFCs 
Heal  pump  i^ater  heaters 
Variable-speed  motor  drive 
US  field  data,  muliifamily.  leaking  retronts 
Retroflis  in  iX  US  commercial  buildings 
No-cost  or  beha\'ioural  measures 

Electricity  produaion'  (busbar  costs) 
Available  technologies 

Biomass  steam-electric  (vitiodfucl) 

mC  (gasiHed  coal) 

mC  (natural  cas) 

Wind  (198)1) 

Solar  thermal  electric  ( 19881 

Solar  phoiovoliaics  1 198)1) 

Nuclear 
Emerging  technologies 

IST1C  (gasified  coal) 

ISnC  (natural  gas) 

ChemicaIN  recuperated  ga>  turbine 

Solar  thermal  elearic 

(MOO) 

(MIO) 

I20M) 

Solar  photovoliaics 

COOO) 

(»I0) 

(3020) 

Wind 

(WOO) 

COlO) 

Nuclear  -  industr\  target  (or  USA 
Fuel  choice  (STIC  technology  m  all  cases) 
Avoided  resource  costs  (gasified  coal):  S0.07|/VWh) 

Casiried  coal  —  natural  gas  ( 1990) 

Caiiried  cdal  —  biomass  (sugar)  (—3000) 


MeamtT 

CouWavwded 

Rcwuree 

carbon-cquivaleni 

eon 

Avoided  cmtuioas 

(CACe^l 

iVkUlil 

l(  Cirbon-eqrtiWhi 

(%l 

«$/M<wel 

-U.Oll 

318 

100 

-171 

-11.007 

318 

100 

-159 

O.OIJ 

318 

100 

-96 

0.018 

318 

100 

-79 

o.o:: 

318 

100 

-67 

o.on 

318 

100 

-30 

0  011 

318 

100 

-102 

0.038 

318 

100 

-19 

0.036 

318 

100 

-54 

0 

318 

100 

-137 

O.OJI 

318 

100 

-9 

0.0)1 

9 

3 

-313 

0.027 

163 

51 

-103 

O.OSJ 

318 

100 

33 

O.IM 

318 

100 

221 

0.2.11 

318 

100 

588 

o.o.";7 

318 

100 

41 

O-O-U 

57 

18 

-176 

0.024 

187 

59 

-106 

0.039 

204 

64 

-73 

0.(M3 

318 

100 

-1 

0.0.^ 

318 

100 

-24 

0.031 

318 

100 

-40 

0.072 

318 

•  100 

89 

0.050 

318 

100 

22 

0.036 

318 

too 

-24 

0033 

318 

100 

-33 

0.037 

318 

100 

-51 

0.010 

318 

100 

-11 

0.027 

155 

50 

-.    -91 

0.033 

309 

100 

V     -25 

Soitt:  '  Unless  noted,  the  annualized  costs  of  efficiency  and  supply  measures  arc  calculated  with  i.  ii'kj^i\  diicauln  rate  (ikI  no  taxes. 
Cosu  for  cIcctrK  po«er  plants  are  amortized  over  a  30-year  period.  Efficicades  based  on  hijRVfKaiing  vafue  (HHV)  are  used 
throughout  ihu  analysis.  The  reference  (a>t>ided)  icchnoloty  is  a  coal  (2  x  500  MW)  steam-electric  plant.  34.6%  efficieary.  S1370/kW 
capital  con.  and  operations  and  maintenance  (O&M)  costs  of  e0.89/kWh.  For  all  power  plant  costs:  70%  capacity  (aoor,  coal  price 
S1.79/CJ.  lutural  gas  price  S2.I0/CJ.  *  Three  lighting  eiamples:  The  fint  two  measures  result  in  a  net  benefit  because  reduced  labour 
costs  exceed  incremenial  capital  costs^  (7%  real  discount  rate):  Refrigerator  and  freezer  without  CFCs:  asirnnn  a  blend  of 
hydrochlorofluorocarbons  (HCFC-22.  HFC-152a.  and  HCTC-124)  with  97%  lower  ozone-depleting  potential  than  the  CFC-12 
refrigerant  currently  used.  For  foam  insulation,  today  based  on  CFC-II  as  a  Mowing  agent,  alternative  are  based ««  HCFC-I41b  and 
HCFC-123  which  in  fact  have  higher  insulating  values  than  cuncnt  foams  (7%  real  discount  raie):^  Venable-<pe«d  amor  drive:  ABB 
Corporate  Revarch  (persotui  communication.  Lars  Ccrtmar.  1988).  Capital  cost  SI04/kW  P50  kW  motor)  Aiiumcs  iottallation  costs 
equal  to  8%  of  capital  cost:  15-year  lifetime;  4  000  hourVyear:  35%  reduaion  in  electricity  requirement:  Heat-pump  water  beater: 
adapted  from  Brovm  ti  al.  assuming  3  000  kWVyeat  reduction  in  elcariciiy  required.  10-year  life:'"  US  field  dau.  moiii-family  (pace 
beating:  indudes  measured  dau  from  42  actual  projects  in  the  USA."  '  STIG  (Sleam-iniected  f  m  lur^ne)  fin  gasified  coal:  2  x  SO  MW 
suam-injeaed  gas  turbine  (STIC),  air-blown  gasifier.  hot-gas  clean-up.  ji.iiw  elliaency.  tl  JoykW  capital  cast  and  t0.7l/kWh  O&M 
cosu:  SnC  for  natural  gas:  4x51  MW.  40%  efficiency.  S-ilOniW  capiul  cost  and  r0.29/kWh  OAM  costs:  Chemically  recuperated  gas 
turbines:  aisu(nes5-l%  efficicacy.  S50(VkW  capital  cost.  70%  capacity  factor.*^  04cM  cosu  assumed  ume  as  for  gas-fired  STIC  swem>: 
BiomassHicam  SI  50a^W  capiul  cost.  t0.0Q5/kWh  OiiM.  SI.5/GJ  fuel  c«»t.  wind,  solar,  thermal,  and  solar  photovoluics.''  Thc^' 
prices  are  based  on  the  RO&D  intensification  scenarios  developed  by  five  US  National  Laboratories:  Nuclear:  s«e.  op  cii.  Ref  7:  ISTICt 
(intercooled  STIG)  coal:  110  MW.  43.1%  efficiency.  $1  OSIVkW  capital  cost  and  «0.60fliWh  O&M  cosu;  gas:  114  MW.47%  efricicn..A 
MXVkW  capital  cost  and  e0.39/V  Wh  04:M  costs:  Fuel  choice:  the  coal  base-caic  is  gasified  coal  r  natural  gas:"  Gasified  coal  i  biom.i» 
III  MW  BIG/ISTIC  sx-stem  *' 


Source:  Mills  et  aL  (1991).  p.  540. 
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Table  7^.  Costs  of  sequestering  carbon  through  forest  projects:  some  selected  cases 
($/tC). 


Source 

Tropical 

Temperate 
Plantation 

Boreal 

Agroforestr      Plantation 

Plantation       Protection 

y 

Andrasko 

3-5                  3-6 

0-2 

(1993) 

Dixon  et  al. 

4-16                6-60 

2-50 

3-27                  1-4 

(1993) 

Krankina 

1-7 

1-8                   1-3 

and  Dixon 

(1993) 

Houghton 

3-12                 4-37 

et  al.  (1991) 

Source:  Adapted  from  Dixon  et  al.  (1993). 
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Table  IS.  Establishment  costs  of  cost-efficient  practices. 


Forest  Type/Practices 

Median  $/tC" 

Median  $/ha.* 

Boreal: 

Natural  Regeneration 

5 
(4-11) 

93 

(83-126) 

Reforestation 

8 
(3-27) 

324 
(127-455) 

Temperate: 

Natural  Regeneration 

1 
(<1-1) 

9 

(9-100) 

Afforestation 

2 
(<l-5) 

259 
(41-444) 

Reforestation 

6 

(3-29) 

357 
(257-911) 

Tropical: 

Natural  regeneration 

1 
(<l-2) 

178 
(106-238) 

Agroforestry 

5 
(2-11) 

454 
(254-699) 

Reforestation 

7 
(3-26) 

450 
(303-1183) 

*  The  numbers  in  parentheses  are  interquartile  ranges  (middle  50%  of 
observations). 


Source:  Drawn  from  Turner  et  a!.,  1993. 
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Table  7.10.  Estimates  of  Cost  of  Carbon  Sequestered  by  Tree  Planting:  Some 
Comparative  Results  for  the  USA. 

Total  Carbon  Sequestered  (million  tons|||) 

140  280  420  700 

Study  Costs  ($/tC) 


Moulton/Rich 

16.57 

20.69 

23.24 

34.73 

ards  (1990) 

Adams  et  al. 

18.50 

25.11 

37.21 

95.06 

(1993) 

Parks/Hardie 

175.00 

n.a. 

n.a. 

n.a. 

(1992) 

Sources:  Moulton  and  Richards  (1990),  Appendix  Table  lA;  Adams  et  al.  (1993), 
Table  1,  p.  79;  Parks  and  Hardie  (1992).  Figure  2,  p.  40. 
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TaWe  7.11,  Agricultural  Yield 

Changes  Under 

a  2  X  CO2  Climate  (percentage  of  Gross  Agricultural  Product).* 

Model" 

UKMO 

GISS 

Region\Scen 

1 

2 

3 

1                   2                   3 

1 

ario' 

OECD-A 

-20.0 

-5.0 

-5.0 

10.0              10.0              10.0 

-5.0 

OECD-E 

5.0 

5.0 

5.0 

10.0               10.0               10.0 

-5.0 

OECD-P 

7.5 

7.5 

7.5 

7.5                7.5                 7.5 

7.5 

CEE&SU 

-7.5 

-7.5 

-7.5 

22.5               22.5               22.5 

7.5 

M-E 

-22.5 

-22.5 

-7.5 

-7.5               -7.5                7.5 

-7.5 

L-A 

-22.5 

-22.5 

-8.5 

-15.0              -15.0              -1.0 

-10.0 

S&SEA 

-20.0 

-20.0 

-10.0 

-10.0             -10.0               0.0 

-10.0 

CPA 

-7.5 

7.5 

7.5 

7.5               22.5               22.5 

15 

AFR 

-20.0 

-20.0 

-20.0 

-7.5               -7.5                7.5 

-15.0 

After  Rosenzwdg  ^  rf  (1993);  c£  also  Fisdier  er  at  (1993[19iM?]X  Rcsenzvveig  a«i  PSny  (199ft  and  Rc^ 

Thedimale  dan^  soerH±s  are  based  en  eqilihrium  2»OI)j  expenmenls  uaig  the  Geiietal  Citulalim 

the  UK  Meteorological  OfiBce,  the  Goddard  Institute  for  Space.  Studies,  and  the  Geqjhysical  Fluid  E^iiamics 

Laboratory. 

The  scenarios  are  (1)  no  adaptation,  (2)  minor  shifts,  and  (3)  major  shifts  in  behaviour. 


Source:      Tol  (1994) 


[SPELL  OUT  REGION/SCENARIO  ABBREVIATIONS] 
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Table  702.  Annual  costs'  of  sea  level  rise. 


Region 

Wetland 

Drylands 

Protection 

Total  (inln.$) 

Total  (%  of 

(mln.  S) 

(mln.  S) 

(mb.  $) 

GDP) 

OECD-A 

5,000 

2,000 

1,500 

8,500 

0.15 

OECD-E 

4,000 

500 

1,700 

6,200 

0.14 

OECD-P 

4,500 

4,000 

1,800 

10300 

0.45 

USSR&EE 

1,250 

1,250 

500 

3,000 

0.07 

ME 

0 

0 

0 

0 

0 

l^A 

1,500 

500 

1,000 

3,000 

035 

S&SEA 

1,500 

1,000 

2,000 

4,500 

0.65 

CPA 

500 

0 

500 

1,000 

0.29 

Afr. 

500 

500 

500 

1,500 

0.43 

•  All  estimates  J.  50%. 

Source:  Tol  (1993) 
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Table  14. 


Cosiparlton  oT 

tiK  I4M  de««topmei\i  *ad  tacr»'  <(tuattaiu  in  tht 

maiii  (nih-lrttian. 

Fowl  Tmii 

r. 

CNP 

Tge  per 

Al 

•Cftcr 

Pepul 

(bUlion 

CAP  <$  per 

Toe  per 

Ihmriand 

R«(loo 

I*) 

Co 

Oi 

NC 

SF 

1%) 

(Mluc) 

(mflDonl 

USJl 

cupiU) 

capita 

VSi 

Wni 

22 

41 

19 

C 

>6 

4  29(1 

S49 

14  840 

17  473 

5.06 

U.^ 

North 

America 

22 

J» 

24 

S3 

15 

:a9 

276 

5758 

20  809 

X.30 

0.40 

Wejtem 

Europe 

22 

43 

16 

SO 

19 

1456 

430 

5  901 

13  726 

3.39 

OJS 

JANZ 

21 

51 

i: 

It4 

16 

551 

1*4 

3202 

22  279 

3.83 

0.17 

East 

25 

29 

36 

91 

i 

1745 

41 J 

3  047 

7  367 

4.22 

0J7 

Eatien 

Europe 

46 

25 

19 

W 

9 

352 

125 

3S8 

3  101 

2.81 

0.91 

ex-USSR 

20 

31 

40 

91 

tl 

1  393 

289 

2660 

9  215 

4.83 

0.52 

Sonh 

23 

38 

24 

85 

14 

6040 

1263 

17  888 

14  163 

4.78 

0J4 

Africa 

21 

27 

9 

57 

6 

360 

642 

3&3 

600 

0.56 

0.97 

North  and 

SouOi  Aliici 

n> 

oa 

na 

92 

3 

154 

150 

227 

1  507 

1.02 

0.68 

tsh-Sthva 

na 

lU 

na 

30 

9 

2U6 

492 

158 

322 

0.42 

1.30 

Asia 

44 

25 

78 

7 

1475 

2  810 

1237 

440 

0.53 

1.19 

Oiiaa 

n 

15 

89 

5 

71S 

1139 

393 

345 

0.63 

1.33 

India 

41 

23 

68 

7 

253 

SS3 

2R7 

337 

0.30 

OJIK 

Other 

19 

J9 

66 

11 

504 

817 

5S7 

681 

0.62 

0.90 

LaiutAmtnca 

4 

a 

14 

ij 

22 

556 

448 

842 

1880 

1.24 

0.66 

Brazil 

5 

a 

41 

29 

185 

150 

375 

2  495 

1.23 

0.49 

Mexieo 

J 

49 

22 

75 

20 

142 

89 

no 

1920 

1.60 

0.83 

Other 

4 

51 

20 

74 

17 

ZZS 

209 

297 

1421 

1.09 

0.77 

UidJh  Imi 

I 

«4 

32 

98 

1 

233 

129 

370 

2860 

1.81 

0.63 

South 

31 

33 

10 

74 

10 

2  624 

4029 

2  835 

704 

0.65 

0.93 

Wortd 

^ 

36 

20 

SI 

13 

566« 

5  292 

20  723 

3  916 

1.64 

0.42 

Souna:  BF  Siatistical  Rtrirw.  1V92  and  WurU  Rtsourctt  1992-9} 

*Tr  -  tradiiionitl  (woo>Uuel.  crop  ruiiJues  and  animiil  dun;).  Co  -  coal;  Oi  -  OU;  NC  >  naiural  ;:ai:  IF  "  total  fossils:  Al  'i 

alicniatiycs  (nudear.  hydro,  wind,  gc^thcoial.  etc )  (all  %  nf  loial  energy).  lEner  ■  loiai  cneig).  (M)toe  =  (million)  ions  ot  oil 

cquivident:  popul  ^  popubtion;  GN?  '  giou  nadonal  product  in  1989 

''  M'esicm  Europe  -  OECO  Europe  (includes  Turkey);  Eastern  Europe  -  DonOECD  Europe  (includes  Cyprus.  Gibraltar  and  Malta): 

JA^fZ  -  Japan,  Australia  and  New  Zeubnd.  


Source:  Van  Ettinger  (1994),  p.lZ 
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Figure  7.1 

Schematic  overview  of  available  options  to  counter  the 

greenhouse  effect  and  their  possible  feedbacks 


bidirtcl  Policy  OpHoas  (C) 


GLOBAL  ECONOMIC  TRENDS 

•  Population  growth 

•  Resource  demands  and 
supply 

•  Technology  change 


1 


A^Z^.,.i^~j.^i..i 


Mitigation  Options  (A) 


REDUCE  EMISSIONS 

•  Change  demands 

•  New  technology 

•  Change  energy  sources 

•  Efllciency  and  conservation 


i 


FAflSSION  KATES 


ATMOSPHERIC 
CX)NCENTRATIONS 


GEOLOGICAL  FACtOaS 


CLEVUTE  CHANGES 


POLICY 
1      RESPONSE 

/ 

Ni • •-- 

Adaptation 
Options  (B) 

ACTIVE  ADAPTATION 

Decrease  vulnerability 

•  Change  Crops 

•  Alter  land-use 
Modify  effects 

•  Relief/Aid 

•  Insurance 

PASSIVE  ADAPTATION 

•  Let  society  adapt 

•  Research 


Source;  Afcer:  Viner  and  Hulme.  1994,  p. 7 
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Figure  12 

Options  for  CO2  emission  reduction 
in  the  EU,  net  and  gross  costs, 
and  effectiveness 


20     30     40     50     60     70 
J%  CO2  emission  reduction  in  EU|(  12  J 

Souke:  TNO.  1992,  p.5. 


ce^^^ 
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Figure  7.3 

Marginal  costs  of  CO2  emission 

reduction 


v^^' 


'U-§D200 


Netherlands 


•30   -20   -10^0      10    20    30    40 
CO2^cluctionin2020 
(%fTom  1990  level) 


Source:  Kram.  1994a.  p.  xiv 
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[DOES  THE  FOLLOWING  BLOCK  OF  TEXT  BELONG  SOMEWHERE  OR 
HAS  IT  BEEN  DELETED?] 

After  CO;,  methane  (CH,)  most  likely  Qccounts  for  the  largest  anthropogenic 
contribution  (about  18%)  to  greenhouse  warming,  although  there  is  still 
considerable  uncertainty  about  methane  emissions.—  Major  sources  of 
anthropogenic  methane  arc:  losses  from  the  production  and  distribution  of  natural 
gas,  releases  from  coal  mining,  from  ruminant  animals,  from  paddy  rice 
production,  and  from  the  release  of  land  fields.  For  natural  gas  in  distribution 
most  of  the  losses  occur  from  lealts  in  the  pipe  work.  The  remaining  losses  stem 
from  routine  maintenance,  pressure  release  valves  and  non  efficient  end  use 
applications.  In  production  losses  arc  due  to  leakage  at  wellheads  and  gas 
treatment  plants,  venting  and  incomplete  flaring  operations  and  exploration  and 
drilling  activities. 

Data  available  for  1984  on  the  fraction  of  vented  and  incompletely  flared 
gas  released  during  production  of  natural  gas  reveal  wide  discrepancies  between 
the  various  regions:  1%  in  North  America,  2%  in  Europe  and  CIS,  11%  in  Asia 
and  Australia,  18%  in  Central  and  South  America,  '10%  in  Africa  and  61%  in  the 
Middle  East  (!)  (Fung  et  al.,  1991). 

The  information  currently  available  about  methane  leakage  in  distribution 
is  also  rather  scanty.  According  to  some  authors,  methane  releases  from  gas 
production  and  transportation  in  the  CIS  and  Eastern  Europe  may  well  be  by  far 
the  largest  sources  of  emissions,  accounting  for  perhaps  50%  of  total  global 
emissions  (Ebcrt  et  al.,  1993).  Others,  however,  suggest  that  much  of  these  losses 
may  be  explained  by  "errors"  in  accounting.  For  example,  in  Bangladesh  in  the 
1980s  a  rapidly  increasing  share  of  total  gas  was  unaccounted  for,  that  had  risen 
from  about  1%  in  1981  to  10%  by  1990.  A  report  on  these  losses  identified  as 
causes  of  the  increasing  loss  besides  leakage:  inaccurate  meter  reading,  excessive 
use  in  unmetered  connections  and  unauthorized  gas  connections.— 

According  to  Van  Amstel  et  al.  (1993),  currently  available  techniques  allow 
for  a  70%  reduction  of  methane  emissions  from  coal  mining  (particularly  gassy 
mines).  Future  techniques  may  increase  the  figure  up  to  90%.  For  oil  and  natural 
gas  production  many  techniques  are  available  as  well. 

Rubin  et  al.  (1992)  estimate  the  costs:  of  eliminating  US  paddy  rice 
production  at  about  SO.S/tCO;;  and  of  reducing  US  ruminant  animal  production 
by  25%  at  $2/tCO;  (for  a  crude  overview  of  the  technological  options  for 
reducing  methane  emissions  from  different  source  sectors  and  their  capital  needs, 
see  also  Van  Amstel  et  al.,  1993,  p.  28).  There  is  a  lack  of  similar  cost 
information  on,  for  instance,  reducing  methane  from  rice  production  or  from 
ruminant  animals  in  developing  countries. 
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39.  Known  emissions  of  methane  are  in  the  range  of  331-850  Tg/yr,  while  the  total  size  of  the  known 
sintc  ranges  between  463  and  602  Tg/yr  (Watson  et  al.,  1992). 

40.  Task  Force  Report  on  Energy,  1991,  p.  40. 
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Summary 


It  is  important  to  be  clear  what  types  of  costs  (e.g.,  direct,  sectoral, 
macroeconomic,  or  welfare)  are  included  in  the  analysis.  What  matters  from  the 
point  of  view  of  policy  are  the  net  costs,  not  the  total  costs  of  emission  reduction 
(i.e.,  the  total  costs  minus  any  positive  side  effects  of  mitigation). 

It  is  the  insights  generated  by  modelling  analyses  (e.g.,  the  areas  of  greatest 
potential  for  cost-effective  emission  reduction  or  the  directional  effect  of  tax 
recycling  on  emission  reduction  costs),  not  the  specific  numerical  results  of  any 
one  analysis,  that  matter.  Although  researchers  attempt  to  incorporate  their  best 
understanding  of  development  processes  into  the  studies,  neither  the  baseline  nor 
the  intervention  scenarios  should  be  interpreted  as  representing  likely  future 
conditions,  especially  more  than  a  decade  into  the  future. 

The  size  of  the  costs  of  mitigation  depends  critically  upon  assumptions  about  the 
efficiency  of  the  baseline  scenario  used  in  the  analysis.  The  higher  the  underlying 
economic  growth  assumed  in  the  baseline  scenario,  the  greater  the  estimated  costs 
of  mitigation.  The  more  emission  reduction  built  into  the  baseline,  the  higher  the 
estimated  costs  of  further  reduction. 

Whether  a  no-regrets  potential  for  emission  reduction  exists  depends  on  whether 
the  economy  under  consideration  is  on  or  below  its  theoretical  production 
frontier.  The  existence  of  a  no-regrets  potential  (where  the  society  is  below  the 
frontier)  implies,  first,  that  significant  market  failures  exist  that  give  rise  to 
increased  greenhouse  gas  emissions  and,  second,  that  policies  can  be  designed  and 
implemented  that  correct  those  market  failures. 

Mitigation  costs  will  be  affected  by  a  wide  range  of  factors,  including  population 
growth,  consumption  patterns,  resource  and  technology  availability,  geographical 
distribution  of  activity,  land  use  and  transportation  patterns,  and  trade.  As  a 
result,  there  exists  a  range  of  quite  different  socioeconomic  and  technological 
development  paths  that  would  give  rise  to  quite  different  emission  scenarios  and 
costs  of  mitigation.   Existing  energy  and  emissions  models  do  not  address  these 
underlying  factors  in  a  very  effective  way.   Future  analysis  should  make  use  of 
multiple  baseline  scenarios  to  help  capture  the  differences  in  these  factors. 

Infrastructure  decisions  are  critical  because  they  can  allow  or  restrict  future 
options,  and  different  infrastructure  decisions  can  lead  to  very  different  cost 
outcomes.  This  issue  is  of  particular  importance  to  developing  countries,  where 
major  infrastructure  decisions  will  be  made  over  the  next  25  years. 

Mitigation  costing  analyses  reveal  the  costs  of  mitigation  relative  to  a  given 
baseline.  The  results  of  different  studies  cannot  easily  be  compared  to  each  other 
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unless  differences  in  baselines  are  taken  into  account.  Neither  the  baseline  nor 
the  intervention  scenarios  should  be  interpreted  as  representing  likely  future 
conditions. 

There  is  growing  integration  of  bottom-up  and  top-down  analyses  of  the  costs  of 
energy-related  greenhouse  gas  mitigation.  This  convergence  means  that 
differences  in  results  are  increasingly  driven  by  differences  in  input  assumptions 
rather  than  differences  in  model  structure.  Nevertheless,  differences  in  structure 
remain  impdrtant,  as  different  types  of  models  are  best  suited  to  answer  different 
kinds  of  questions.  Models  with  more  detailed  representation  of  technology  are 
more  suited  to  identifying  technical  potentials  and  financial  costs  and  savings; 
models  with  more  detailed  representation  of  broader  economic  activity  are  more 
suited  to  identifying  costs  in  terms  of  higher  or  lower  economic  growth. 

Substantial  disagreement  still  exists,  over  the  existence  and  size  of  a  significant 
"no-regrets"  potential  for  greenhouse  gas  emission  reduction.   Bottom-up 
approaches,  which  assume  that  there  exist  substantial  correctable  market 
imperfections,  show  significant  no-regret"  potential;  top-down  studies,  which 
assimie  that  existing  markets  are  relatively  efficient,  show  little  no-regrets 
potential. 
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8.1  Introduction 


Although  most  of  the  available  literature  on  the  costs  of  greenhouse  gas  mitigation  has 
been  written  in  the  period  since  1988,  interest  in  this  issue  began  more  than  a  decade 
earlier  with  Nordhaus  (1977,  1979),  whose  contribution  was  followed  by  around  a  dozen 
other  pioneering  studies.  The  picture  has  evolved  since  then,  but  it  retains  two  features 
from  this  earlier  period: 

First,  the  focus  is  on  COj  emissions,  and  the  other  greenhouse  gases  are  either 
ignored  or  treated  separately  in  an  ad  hoc  manner.  This  emphasis  has  arisen  not 
only  because  of  the  importance  of  COj  emissions  relative  to  those  of  other  gases, 
but  also  because  the  long-term  demand  and  supply  models'  that  energy  analysts 
had  begun  to  develop  by  the  mid-1970s  in  response  to  the  instability  of  energy 
markets  at  that  time  could  also  be  used  to  analyze  COj  emissions  associated  with 
the  energy  system.  Such  a  modelling  capability  was  not  available  with  respect  to 
other  GHGs. 

Second,  the  structure  of  the  debate  was  determined  very  early  by  the  wide  range 
of  numerical  results  about  the  potential  for,  and  costs  of,  mitigation.   Some 
studies  argued  that  mitigation  policies  were  likely  to  entail  very  substantial  costs 
(Nordhaus,  1977,  1979;  Manne,  1984),  others  that  the  costs  would  be  relatively 
small  (Edmonds  and  Reilly,  1983),  and  still  others  that  these  costs  might  in  fact 
be  negative  and  bring  an  overall  benefit  (Lovins  et  al.,  1981).^ 

This  debate  became  more  heated  and  the  demand  for  this  type  of  study 
accelerated  after  the  drafting  of  the  UN  Framework  Convention  on  Climate  Change  in 
1992.  At  this  time,  the  climate  issue  appeared  on  the  international  negotiation  agenda 
and  countries  and  international  organizations  became  interested  in  obtaining  information 
on  the  economic  impacts  of  climate  policies. 

The  resultant  controversies  about  the  overall  costs  of  greenhouse  gas  mitigation 
strategies  made  it  clear  that  statesmen,  policy  makers,  business  people,  journalists,  and 
the  public  stand  in  an  ambiguous  posture  in  the  face  of  figures  coming  from  economic 
modelling  exercises.   On  the  one  hand,  they  expect  a  clear-cut  answer,  for  example, 
about  the  effectiveness  of  a  carbon  tax  to  curb  greenhouse  gas  emissions  and  about  the 
economic  consequences  of  this  tax,  preferably  in  the  form  of  an  aggregated  figure  such  as 
a  loss  of  GDP.  On  the  other  hand,  they  are  very  sceptical  about  the  results  of  such 
analyses  and,  above  all,  about  the  capacity  of  economic  models  to  provide  reliable 
predictions  and  cost  estimates.'' 

Much  of  this  scepticism  stems  from  the  well-documented  failure  of  energy 
forecasters  in  the  past  to  provide  reliable  predictions  of  future  energy  demand  after  the 
oil  shock  disturbances  begirming  in  the  early  1970s,''  as  well  as  the  more  general 
problems  of  errors  in  economic  forecasting  even  over  short  time  horizons  (Ascher,  1978, 
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1990).  Part,  however,  stems  from  misimderstandings  about  what  economic  and  energy 
models  are  able  to  capture  and  about  how  to  use  their  results.  There  is  a  gap  between 
the  answers  expected  by  policymakers  and  the  type  of  information  economic  models  can 
supply.  As  discussed  below,  the  lessons  of  modelling  analysis  are  rather  complex  and 
cannot  easily  be  translated  into  clear-cut  policies. 

Another  difficulty  stems  from  the  fact  that,  in  the  first  phase,  many  agencies  have 
employed  models  that  were  not  initially  designed  to  shed  Ught  on  the  cost  of  emission 
reductions.  Examples  would  be  models  with  energy  sectors  so  aggregated  that  it  was 
impossible  to  describe  a  substitution  between  fossil  and  nonfossil  energies,  or  the  use  of 
short-term  models  to  simulate  medium-term  impacts.  Some  of  these  models  are  no 
longer  in  use;  others  have  evolved  through  several  versions,  further  complicating  the 
picture.  The  result  of  such  factors  is  that  part  of  the  apparent  diversity  of  results  is 
simply  due  to  the  development  of  research  itself. 

These  circumstances  have  created  an  opportunity  for  misusing  models  and  their 
results  in  public  debates.  To  help  avoid  either  uncritical  acceptance  or  total  distrust  of 
current  analyses  of  mitigation  costs,  this  chapter  will  present  a  discussion  of  the  critical 
determinants  likely  to  influence  the  overall  cost  of  climate  policies  and  of  the  main 
methodologies  employed  to  account  for  them.  The  purpose  is  not  to  have  a  detailed 
comparative  analysis  of  the  models,  but  to  concentrate  on  the  possible  sources  of 
misunderstanding  and  misinterpretations  of  the  results  presented  in  Chapter  9  so  as  to 
facilitate  the  discussion  of  their  policy  implications.  We  will  examine  successively: 

■  the'  various  concepts  of  costs  used  in  the  hterature  (Section  8.2); 

■  the  relationships  between  economic  cost  assessments  and  assumptions  about 
development  patterns  and  technical  change  which  (explicitly  or  implicitly)  underlie 
any  economic  scenario  used  to  assess  mitigation  costs  (Section  8.3); 

■  the  main  methodological  approaches  for  costing  assessments,  the  key  assumptions 
likely  to  determine  the  numerical  results,  and  the  lessons  derived  from  modelling 
debates  in  the  energy  field  and  in  the  forestry  sector  (Section  8.4). 

We  will  not  in  this  chapter  discuss  methodological  issues  having  to  do  with 
integrating  cost  analyses  with  analyses  of  the  benefits  of  mitigation,  or  issues  having  to 
do  with  the  costs  of  adaptation  to  climate  change.  Discussion  of  estimates  of  benefits 
(i.e.,  of  the  costs  of  climate  change)  are  contained  in  Chapter  6,  while  a  discussion  of 
issues  related  to  the  integration  of  costs  and  benefits  are  discussed  in  Chapter  10  on 
integrated  assessment.  The  purpose  of  this  chapter  is  to  provide  a  basis  for  a  better 
imderstanding  of  the  mitigation  cost  estimates  summarized  in  Chapter  9.  These  cost 
estimates  need  to  be  compared  with  the  estimates  of  the  benefits  of  mitigation  (i.e.,  the 
damages  or  costs  of  not  reducing  net  emissions)  summarized  in  Chapter  6  in  order  to 
provide  the  basis  for  an  integrated  assessment  of  the  merits  of  climate  control  policies 
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(Chapter  10).   But  the  research  agenda  for  the  new  generation  of  integrated  models  will 
have  to  address  the  methodological  issues  discussed  in  this  chapter. 


8J  Costs:  Deflnitions  and  Determinants 

8.11  How  Is  Cost  Measured? 

It  is  important  to  begin  with  a  clear  definition  of  costs  that  can  be  found  in  the  literature 
because  many  misunderstandings  stem  from  using  very  different  cost  concepts  when 
presenting  and  comparing  the  results  of  existing  studies.  There  are  two  crucial  elements 
in  the  definition:  how  costs  are  measured  and  whether  costs  are  reported  on  a  gross  basis 
or  net  of  some  of  the  ancillary  benefits  of  policies  to  reduce  emissions. 

8.2.2  Taxonomy  of  Mitigation  Cost  Concepts 

In  any  economic  analysis,  the  cost  of  mitigation  is  calculated  as  a  difference  in  costs 
(defined  in  monetary  units)  between  a  reference  situation  and  a  new  one  characterized 
by  lower  emissions.   Beyond  this  common  feature,  however,  the  concept  of  cost  is  not 
unique,  meaning  that  the  measurement  criteria  chosen  to  represent  costs  will  depend  on 
the  level  and  the  purpose  of  the  measurement. 

First,  we  have  to  recall  here  a  classic  distinction  in  economics  between  marginal 
costs  (e.g.,  the  incremental  cost  of  removing  an  additional  tonne  of  carbon  or  its 
equivalent),  total  costs  (the  sum  of  all  marginal  costs),  and  average  costs  (total  cost 
divided  by  the  quantity  removed).  Confusion  can  easily  result  from  neglecting  these 
distinctions.  For  example,  the  marginal  cost  of  reducing  emissions  by  an  additional 
tonne  may  be  very  high  in  a  given  scenario,  while  the  total  and  average  cost  of  the 
relevant  emissions  reduction  policy  may  be  very  low  or  even  negative. 

Before  comparing  any  results,  attention  must  be  given  to  the  way  reduction  targets 
are  set  because  this  affects  their  meaning.  Some  models  calculate  reduction  from  a 
benchmark  date  in  the  recent  past;  this  is  the  case  for  most  of  the  U.S.  studies  in  the 
energy  field  and  for  the  studies  carried  out  in  the  other  OECD  countries  on  how  to 
stabilize  greenhouse  gas  emissions  over  the  next  decade.  Others  (usually  in  studies  of 
developing  countries  and  very  often  in  long-term  studies  in  Europe)  set  the  target  in 
terms  of  a  percentage  reduction  from  an  emission  level  at  a  giveiKpecified  future  date. 
Given  expected  growth  in  baseline  emissions  in  the  future,  a  givefiparticular  percentage 
reduction  from  a  base  year  typically  implies  much  morca  miich  greater  total  reduction 
than  the  same  percentage  reduction  from  the  future  baseline  scenario. 

Second,  to  understand  many  critical  debates  about  the  costs  of  climate  policies,  it 
is  necessary  to  distinguish  four  types  of  cost  concepts  used  in  costing  analysis: 
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The  direct  engineering  and  financial  costs  of  specific  technical  measures.  Examples 
include  the  cost  of  switching  from  coal  to  gas  in  electric  production,  of  improving 
the  thermal  efficiency  of  existing  homes,  or  of  planting  trees  in  reforestation 
programmes.  Costs  are  normally  reported  in  present  value  terms  and  can 
represent  the  life-cycle  cost  of  the  technique  used  or  of  the  project  (the  up-front 
cost  of  the  measures  considered  plus  aimual  energy  and  operating  costs,  all 
reduced  to  a  net  present  value  or  levellized  costs).  Technical  costs  can  show 
negative  net.  costs  because  a  given  technology  may  yield  enough  energy  cost 
savings  to  more  than  offset  the  costs  of  adopting  and  using  the  technology.  These 
costs  depend  upon  both  technico-economic  data  and  a  given  interest  rate  and  can 
be  used  to  construct  technology  cost  curves  of  the  kind  described  in  Figure  8.1. 
They  can  be  calculated  in  the  absence  of  any  global  scenario  but,  as  such,  they  do 
not  provide  macroeconomic  cost  assessment  unless  they  are  fed  into  coherent 
technical  and  economic  frameworks.  They  are  the  only  source  of  information 
available  for  mitigation  measures  in  sectors  for  which  no  comprehensive  sectoral 
model  has  so  far  been  developed. 


[Figure  8.1] 

2.  Economic  costs  for  a  given  sector.  Here  sectoral  models  are  used  to  integrate  sets 
of  measures  to  provide  consistent  pictures  of  a  given  sector,  and  to  compare  the 
relative  costs  of  different  scenarios.  These  sectoral  scenarios  take  some 
macroeconomic  indicators,  such  as  the  overall  rate  of  growth,  as  input  parameters. 
They  provide  what  is  referred  to  as  "partial  equilibrium"  analysis,  in  the  sense  that 
these  sectoral  models  do  not  capture  the  feedback  effects  between  the  behaviour 
of  a  sector  and  that  of  the  overall  economy.  To  date,  most  sectoral  analyses  of 
mitigation  costs  have  used  energy  sector  models  and  forestry  models.   Other 
sectoral  models,  such  as  transportation  or  agriculture  models,  exist  but  have  not 
yet  been  used  so  extensively  for  analysis  of  greenhouse  gas  mitigation. 

3.  Macroeconomic  costs.  These  measure  the  impact  of  a  given 

strategy  on  the  level  of  the  gross  domestic  product  (GDP)  and  its  components 
(household  consumption,  investment,  etc.).  This  aggregate  index  measures  the  monetary 
value  added  of  goods  and  services  produced  in  a  single  year  and  provides  an  index  of  the 
scale  of  human  activities  that  pass  through  markets  plus,  by  convention,  the  imputed 
value  of  some  nonmarket  activities  (such  as  the  value  of  services  provided  by  public 
administration).  At  this  level  of  cost  analysis  one  tries  to  account  for  the 
interrelationships  between  a  specific  sector  and  the  overall  economy.  This  requires  the 
use  of  either  pure  macroeconomic  models  or  modelling  frameworks  coupling  sectoral 
models  and  macroeconomic  models  in  order  to  capture  the  changes  throughout  an 
economy  caused  by  policies  in  a  given  sector  (what  is  commonly  labelled  the  "general 
equilibrium"  effects,  which  are  to  be  distinguished  from  the  partial  equilibrium  (sectoral) 
effects). 
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4.         Welfare  costs.  GDP  variations  do  not  provide  direct  measures  of  human  welfare. 
There  are  many  reasons  for  this.  First  a  climate  policy  may  change  the 
composition  of  GDP  in  the  direction  of  higher  investments  and  lower 
consumption.  These  changes  are  invisible  to  an  analysis  looking  only  at  the  level 
of  GDP.  Second,  human  welfare  may  not  increase  linearly  with  consimiption,  so 
consumption  changes  do  not  necessarily  indicate  commensurate  changes  in 
welfare.  Third,  changes  in  the  level  of  GDP  do  not  account  for  the  relationship 
between  distribution  of  income  and  overall  welfare.  Finally,  environmental 
degradation  reduces  welfare  but  does  not  result  in  a  corresponding  reduction  in 
GDP.  The  result  of  these  factors  is  that  even  GDP  does  not  include  all  costs  of 
interest,  and  even  general  equilibrium  models  that  attempt  to  measure  welfare 
costs  do  not  include  all  costs  that  matter. 

The  four  types  of  costs  outlined  here  represent  increasing  levels  of  generality  as  one 
moves  from  direct  financial  costs  to  welfare  costs.  However,  the  different  levels  of  cost 
cannot  be  aggregated  or  correlated  in  any  systematic  way.   For  example,  ranking  efficient 
technologies  in  terms  of  their  individual  price  in  the  marketplace  (direct  engineering  and 
financial  costs)  does  not  usually  reveal  the  way  these  technologies  will  be  actually 
adopted  and  combined  in  an  economically  consistent  productive  system.  Fef 
exampleTflp,  a  given  energy  efficiency  improvement  may  not  be  rationally  selected  if 
this  improvement  occurs  in  a  period  of  time  when  the  electric  supply  is  in  excess. 
Similarly,  a  sectoral  optimization  of  a  very  capital-intensive  sector  may  not  give  results 
consistent  with  some  form  of  overall  macroeconomic  optimum.   For  example,  the 
amount  of  money  spent  in  optimized  energy  supply  or  transportation  systems  may 
prevent  investment  in  other  sectors  such  as  education  and  health.   On  the  other  hand, 
aggregate  macroeconomic  analysis  of  costs  may  not  capture  important  changes  to  the 
extent  that  these  changes  remain  below  the  level  of  "noise"  of  analysis  and  are  not 
captured  by  historical  variation  in  the  aggregate  variables.  This  typically  occurs  with 
respect  to  the  agricultural  sector,  for  example,  which  represents  a  small  part  of  overall 
GDP  but  often  plays  a  decisive  role  in  the  social  and  spatial  equilibrium  of  a  society. 

Existing  studies  use  a  variety  of  methodological  approaches  and  definitions  of  cost 
to  assess  the  costs  of  mitigating  greenhouse  gas  emissions.   No  existing  study  provides  a 
complete  evaluation  of  full  social  costs.  Instead,  studies  provide  a  range  of  cost 
estimates:  some  provide  estimates  of  the  direct  financial  costs  of  specific  technological 
options;  others  provide  estimates  of  the  effect  of  broad  policies  on  aggregate  economic 
activity;  still  others  attempt  to  estimate  welfare  costs.  It  is  important  to  be  clear  about 
which  type  of  cost  is  being  estimated  in  any  specific  study. 

Despite  these  differences,  progress  has  been  made  in  incorporating  successively 
broader  concepts  of  costs  in  greenhouse  gas  mitigation  studies  and  in  accounting  for  the 
possibility  of  significant  technological  and  behavioural  change.  Two  more  general 
problems,  however,  remain. 
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The  first  lies  in  the  faa  that,  in  a  number  of  developing  countries  and  Central  and 
Eastern  European  countries,  the  level  of  government  intervention  or  market  distortion 
(which  exists  also  in  OECD  countries  but  not  to  the  same  degree)  may  interfere  irMM 
the  absolute  and  relative  prices  of  goods  and  services.  This  results  in  distortions  between 
observed  market  prices  of  technologies  and  their  "shadow  prices"  assessed  "at  factor 
costs"  which  would  reflect  the  actual  balance  between  human  capabilities,  technical 
potentials,  natural  resources  scarcity,  and  final  needs  within  a  given  economy.  Te 
hs^PS|^^^  market  prices  is  relevant  for  assessing  the  likeliness  of  the  adoption  of 
some  technical  alternatives  for  a  given  institutional  context',  but  if  these  costs  are 
interpreted  as  capturing  the  overall  social  costs  of  a  given  measure,  they  conceal  some 
intrinsic  costs  of  goods  and  services  and  can  be  very  misleading. 

It  is  more  difficult,  empirically  and  theoretically,  to  pass  from  GDP  costs  to 
welfare  costs.  In  most  empirical  models,  welfare  cost  measures  are  calculated  as  the 
income  required  to  leave  a  typical  household  no  worse  off  after  a  tax  than  before.  In 
models  devoted  to  analyzing  the  short-term  impact  of  taxation  policies,  welfare  costs  are 
calculated  on  the  basis  of  the  so-called  "Harberger  triangle,"  which  demonstrates  that 
welfare  losses  grow  at  a  higher  rate  than  increases  in  taxes.  These  results,  however,  are 
not  complete  measures  of  welfare  costs.  In  the  first  place,  they  generally  do  not  account 
for  the  dynamic  effects  of  important  policy  measures  on  technology  and  consumer 
preferences.  In  the  second  place,  they  depend  on  market  product  calculations  and  do 
not  account  for  the  goods  and  services  produced  by  nonmarket  and  informal  economies. 

In  fact,  much  work  remains  to  be  done  in  attempting  to  incorporate  broader 
conceptions  of  human  welfare  (such  as  those  that  are  suggested  in  the  United  Nations 
Development  Programme's  Human  Development  Index),  and  most  of  the  models 
reported  hereafter  ignore  such  factors.  The  consequence  is  that  the  cost  figures  provided 
by  current  economic  modelling  studies  must  be  strictly  interpreted  as  estimates  of  losses 
(or  gains)  in  the  value  of  new  final  goods  and  services  foregone  as  a  consequence  of  the 
policy,  not  as  estimates  of  impacts  on  overall  welfare. 

Of  course,  the  different  kinds  of  cost  estimates  discussed  here  are  of  great  value; 
the  point  is  simply  that,  before  drawing  policy-relevant  conclusions  from  even  the  most 
general  analyses  of  macroeconomic  costs,  it  is  important  also  to  examine  other  indicators 
(e.g.,  unemployment,  distribution  of  income,  security,  and  political  stability). 

8.111  Gross  Costs,  Net  Costs,  and  the  Overall  Cost-Benefit  Balance  of  Mitigation 
Stratepes 

In  assessing  the  costs  of  mitigation,  it  is  first  important  to  make  a  distinction  between 
what  economists  call  the  gross  costs  and  the  net  costs  of  mitigation  strategies.  The  two 
are  different  to  the  extent  that  there  are  possible  positive  side  effects  of  mitigation 
strategies  that  would  offset  some  of  the  gross  costs.  These  positive  side  effects  can  be 
divided  into  three  categories: 
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1.  the  negative  cost  potential,  namely  mitigation  caused  by  technologies  whose  costs 
are  lower  than  the  technologies  currently  in  use.  As  discussed  further  in  Section 
8.4  below,  this  issue  is  controversial,  since  it  implies  that  there  are  cost-effective 
mitigation  strategies  that  are  not  now  in  use  and  that  will  not  be  adopted  in  the 
absence  of  new  policies.  Such  measures  would  have  a  negative  net  cost  and 
obviously  lower  the  gross  cost  of  greenhouse  gas  mitigation  for  a  given  target; 

2.  an  economic  double  dividend,  such  as  the  possible  positive  effects  on  growth  or 
employment  of  the  recycling  of  carbon  tax  revenues  or  of  the  technological 
externalities  (i.e.,  side  effects)  associated  with  fostering  research  and  development 
programmes; 

3.  an  environmental  double  dividend,  namely  the  synergy  between  greenhouse  gas 
mitigation  strategies  and  the  mitigation  of  other  environmental  nuisances  such  as 
local  air  pollution,  urban  congestion,  or  land  and  natural  resource  degradation, 
such  that  greenhouse  gas  mitigation  also  contributes  to  reducing  these  other 
problems. 

The  existence  of  such  positive  side  effects  within  a  suite  of  mitigation  measures  would 
result  in  lowering  the  gross  cost  of  these  measures.  To  the  extent  that  such  positive  side 
effects  may  totally  offset  the  gross  costs  of  a  specific  emission  strategy,  thes-they 
represent  what  has  been  called  a  "no-regrets  potential":  measures  that  are  worth 
undertaking  whether  or  not  there  are  climate-related  reasons  for  doing  so*.  However, 
as  discussed  below,  there  is  much  controversy  about  the  existence  and  magnitude  of 
these  positive  side  effects.  The  point  here  is  simply  that,  from  the  point  of  view  of 
greenhouse  gas  mitigation  policy,  what  matters  is  the  net  costs  of  mitigation  strategies, 
that  is,  gross  costs  minus  any  positive  side  effects. 

To  avoid  any  possible  misunderstanding,  it  must  be  emphasized  that  the  double 
dividend  positive  side  effects  described  here  are  not  the  same  as,  and  should  not  be 
mistaken  for,  the  benefits  of  mitigation  policies  (or  costs  of  climate  change),  which  are 
discussed  in  Chapter  6  above.  Instead,  these  positive  side  effects  represent  items  that 
lower  the  total  cost  of  mitigation  policies,  and  it  is  the  resulting  net  cost  figure  (gross 
cost  minus  positive  side  effects)  which  is  to  be  compared  with  the  benefits  of  mitigation 
policies  (whether  these  benefits  are  accounted  for  in  terms  of  explicit  monetary  values  or 
purely  normative  mitigation  targets).' 

Many  current  economic  models  account  for  the  first  and/or  the  second  category 
of  positive  side  effects;  very  few  account  for  positive  environmental  externalities.*  This 
is  mainly  due  to  practical  reasons,  and  one  can  expect  quick  improvement  in  this 
direction  in  the  near  future.  In  the  meantime,  it  is  useful  to  remember  that  the  studies 
discussed  in  this  chapter  do  not  include  this  category  of  secondary  benefit. 
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8.13  Key  Factors  Affecting  the  Magnitude  of  Costs:  Costs  as  a  Function  of  Baselines  and 
Policy  Strategies 

The  above  taxonomy  suggests  that  assessing  the  costs  of  greenhouse  gas  mitigation 
strategies  is  not  equivalent  to  adding  up  the  direct  costs  of  individual  measures  or 
policies.  The  cost  of  mitigation  is  always  a  net  incremental  cost  (or  a  marginal  cost) 
relative  to  a  given  scenario  -  usually  called  a  baseline  scenario.  This  means  that  the 
calculation  of  these,  net  costs  is  determined  in  large  part  by  both  the  assumptions 
underlying  such  baseline  scenjirios  and  the  assumptions  about  mitigation  pohcies. 

8.13.1  Baselines  and  magnitude  of  the  "no-regret"  potentials 

The  most  sensitive  issue  in  the  debates  about  how  to  interpret  the  results  of  the  models 
is  the  way  assumptions  about  the  existence  and  the  size  of  potentials  for  so-called  "no- 
regret  strategies"  are  conveyed  in  specific  modelling  frameworks  and  baseline  scenarios. 

The  discussion  of  "no-regrets"  potential  has  triggered  a  sensitive  policy  debate 
which  can  be  summarized  rather  simply,  though  rather  abstractly,  in  graphical  form  (see 
Figure  8.2).  To  begin,  we  represent  the  whole  economy  as  producing  two  sets  of  goods 
and  services:  (1)  a  composite  good  Q,  namely  an  aggregate  of  all  existing  goods  and 
services,  and  (2)  a  given  level  of  environmental  quality  E,  represented  in  this  case  by  a 
certain  amount  of  emission  reductions.   Given  such  an  assumption,  it  is  possible  to 
construct  a  curve  F(Q,E),  called  a  theoretical  production  frontier  by  economists,  which 
represents,  the  trade-off  between  economic  activity  (Q)  and  emission  reduction  (E).  For 
a  given  economy  at  a  given  time,  each  point  on  this  curve  shows  the  maximum  size  of 
the  economy  for  each  level  of  emission  reduction;  put  another  way,  it  shows  the 
maximum  emission  reduction  for  each  level  of  economic  activity.   If  the  economy  is  at  a 
size  and  level  of  emission  reduction  that  is  below  and  to  the  left  of  this  curve  (e.g.,  point 
O  in  Figure  8.2),  it  is  possible  for  that  economy  to  move  upwards  (e.g.,  from  O  to  B), 
producing  more  goods  without  increased  emissions,  or  to  move  rightwards  (e.g.,  from  O 
to  A),  reducing  emissions  without  reducing  the  size  of  the  economy,  or  to  move 
somewhere  in  between,  increasing  both  economic  activity  and  emissions  reduction. 


[Figure  8.2] 

From  the  point  of  view  of  cost  analysis,  a  key  consideration  is  what  is  assumed 
about  the  location  of  the  reference  or  baseline  scenario  with  respect  to  this  curve.   If  the 
baseline  scenario  assumes  the  economy  to  be  located  somewhere  on  the  theoretical 
production  frontier  (curve  F),  it  is  clear  that  there  is  a  direct  and  unavoidable  trade-off 
between  economic  activity  and  the  level  of  emissions.   In  effect,  all  increases  in  emission 
reduction  (moving  down  the  surface  of  the  curve  to  the  right)  will  decrease  economic 
activity  (i.e.,  increase  costs).  That  is,  there  is  no  no-regrets  potential:  moving  up  to  the 
left  on  the  curve  will  increase  economic  activity  but  also  increase  emissions.   In  such  a 
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context,  an  appropriate  policy  mix  can  minimize  the  net  cost  of  lower  emissions  but  can 
never  offset  it  totally.'  Conversely,  in  a  baseline  scenario  that  describes  an  economy 
below  the  production  frontier  represented  by  curve  F,  no-regret  strategies  are  possible, 
by  moving  from  O  to  any  point  between  A  and  B  on  curve  F.   Under  these  conditions, 
emissions  can  be  reduced  without  reducing  the  size  of  the  economy  (i.e.,  without 
increasing  overall  costs)  and  possibly  can  enhQnce|ath  some  enhancement  of  economic 
activity.*" 

The  critical"  question  is,  then,  whether  the  reference  or  baseline  scenario  to  which 
mitigation  scenarios  are  compared  is  on  this  frontier  or  not.  Assuming  that  a  no-regrets 
potential  exists  implicitly  suggests  that  any  baseline  scenario  is  below  the  frontier  and 
that  appropriate  policies  would  move  the  economy  up  towards  that  frontier.  The 
counterargument  is  that,  if  such  a  potential  had  existed,  it  would  already  have  been 
adopted  by  the  marketplace  at  least  as  long  as  there  are  no  institutional  failures 
preventing  market  forces  from  operating."   This  line  of  reasoning  leads  many  analysts 
to  assume  that  any  cost-effective  emission  reduction  is  already  embodied  in  any  baseline 
scenario  and  to  locate  their  baseline  scenario  on  the  frontier.'^  In  this  sense  the 
economic  debate  is  as  much  about  the  location  and  characteristics  of  the  baseline 
scenarios  as  it  is  about  the  nature  and  costs  of  specific  mitigation  measures.*' 

In  fact,  the  existence  of  a  no-regrets  potential  implies  (1)  that  markets  and 
institutions  do  not  behave  perfectly  because  of  market  failures  (lack  of  information, 
distorted  price  signals,  lack  of  competition,  etc.)  and/or  institutional  failures  (inadequate 
regulation,  inadequate  delineation  of  property  rights,  distortion-inducing  fiscal  systems, 
etc.);  (2)  that  it  is  possible  to  identify  policies  that  have  the  ability  to  correct  these 
market  and  institutional  failures  without  incurring  implementation  costs  larger  than  the 
benefits  gained;  and  (3)  that  a  policy  decision  is  made  to  eliminate  selectively  those 
failures  that  give  rise  to  increased  greenhouse  gas  emissions  (since  there  may  exist  other 
market  failures  whose  removal  might  increase  these  emissions). 

In  other  words,  the  existence  of  market  and  institutional  failures  that  give  rise  to  a 
no-regrets  potential  is  a  necessary  but  not  a  sufficient  condition  for  the  development  of 
strategies  to  realize  that  potential.  The  latter  depends  on  the  existence  of  significant 
political  desire  to  realize  the  potential.   In  prartice,  in  many  fields  of  public  policy 
making,  countries  will  consider  climate  policies  in  a  multiobjective  decision-making 
framework,  whereby  greenhouse  gas  mitigation  policies  are  likely  to  be  a  by-product  or 
joint  product  of  policies  developed  in  part  for  other  reasons.  Few  costing  studies  address 
these  complexities;  however,  some  bottom-up  studies  examine  the  additional 
enviromnental  benefits  of  greenhouse  gas  mitigation  policies,  while  some  top-down 
studies  examine  the  benefits  of  using  carbon  taxes  to  reduce  other  tax  distortions  in  the 
economy. 

The  existence  of  these  issues  means  that  the  results  of  any  analysis  of  the 
relationship  between  cost  and  emission  reduction  are  largely  determined  by  a  set  of 
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underlying  assumptions  about  negative  cost  potentials  and  the  economic  double  dividend. 
Figure  8.3  illustrates  two  different  views  of  this  relationship  that  underlie  the  top-down 
and  bottom-up  debate.   Both  curves  in  Figure  8.3  show  how  total  costs  would  increase 
for  higher  levels  of  emission  reduction,  given  different  underlying  assumptions  about  the 
efficiency  of  existing  energy  markets.    Both  curves  assume  that  there  exist  no 
environmental  double  dividends. 


[Figure  8.3] 


Curve  A  (traditionally  associated  with  a  top-down  perspective)  assumes  that  there 
exist  no  reducible  market  imperfections  (i.e.,  no  negative  cost  potential),  or  that 
reducible  market  imperfections  are  already  incorporated  in  the  base  case,  or  that  the 
costs  of  reducing  market  imperfections  outweigh  the  benefits.   It  also  assumes  there  is  no 
economic  double  dividend.  As  a  result,  the  greater  the  level  of  emission  reduction,  the 
higher  the  costs.  In  this  perspective,  the  net  costs  may  be  even  higher  than  the  gross 
costs  because  of  inefficient  recycling  of  carbon  tax  revenues. 

Curve  B  (traditionally  associated  with  a  bottom-up  perspective)  starts  below  the  x- 
axis  because  it  assumes  that  there  exists  some  combination  of  (1)  market  failures  in  the 
energy,  transportation,  or  agricultural  systems  that  can  be  corrected  by  (or  are  corrected 
in  parallel  with)  emission  reduction  policies  at  negative  cost,  and  (2)  economic  double 
dividends  Jhat  offset  the  costs  of  emission  reduction  policies.  Thus  Curve  B  shows  the 
existence  of  some  no-regrets  or  "worth  doing  anyway"  potential  below  the  x-axis. 

The  differences  between  Curves  A  and  B  represent  different  underlying  views  of 
the  efficiency  of  the  economy.  Since  many  current  models  can  adopt  either  view  of  the 
economy,  such  underlying  assumptions  are  often  the  main  reason  for  the  differences  in 
quantitative  results  among  different  analyses. 


8.2.3.2  Target  setting:  Level  and  Timing 

The  growth  rate  of  CO^  emissions  is  determined  by  the  growth  rate  of  GDP,  the  ratio 
between  GDP  and  the  required  level  of  end-use  services  (energy,  transport,  food),  and 
the  level  of  greenhouse  gas  emission  per  unit  of  each  of  these  services." 

When  targets  are  set  for  levels  of  emissions  calculated  from  a  given  benchmark 
year  in  the  recent  past,  the  level  of  baseline  emissions  is  critical  because  higher  rates  of 
economic  growth  increase  the  gap  between  baseline  and  target  emissions,  thus  making 
any  given  target  more  costly  to  achieve.  The  higher  the  rate  of  growth,  the  bigger  the 
emission  reductions  that  are  required  to  meet  the  target.   This  tendency  is  obviously  less 
strong  if  the  baseline  incorporates  some  decoupling  between  economic  growth  and 
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emissions  and  assumes  many  flexibilities  in  the  system  (e.g.,  high  responsiveness  of 
consumption  to  price  and  nonprice  signals,  unavailability  of  low  carbon-intensive 
techniques). 

With  emissions  growing  over  time,  a  target  of  constant  emissions  implies  that 
larger  emission  reductions  are  required  in  every  future  time  period,  requiring  recourse  to 
more  and  more  expensive  measures.  Conversely,  if  a  model  embeds  optimistic 
assimiptions  about  technological  progress  in  the  long  run,  this  tendency  may  be 
coimterbalanced  and  the  costs  in  the  short  term  may  be  higher  than  over  the  long  run. 

For  given  assumptions  about  technical  progress  the  time  profile  of  the  abatement 
may  be  a  key  determinant  of  differences  in  cost  estimates.  In  discussing  these  timing 
issues,  there  is  a  key  distinction  between  the  transition  period  and  the  backstop  period. 

The  transition  period  comes  first  and  is  characterized  by  an  existing  capital  stock 
and  limited  technological  options  for  replacing  existing  techniques  with  less  carbon- 
intensive  or  carbon-free  techniques.   In  effect,  much  of  the  infrastructure  and  technology 
is  fixed.  The  backstop  period  is  entered  after  sufficient  time  elapses  to  allow  the  entire 
capital  stock  to  be  replaced  and  for  carbon-free  backstop  technologies  to  become 
available,  in  other  words,  technologies  available  for  widespread  adoption  at  the  end  of 
the  economic  life  of  existing  equipment. 

One  of  the  most  important  determinant  of  costs  during  the  transition  period  is  the 
turnover  of  the  capital  stock  .   Over  the  backstop  period  the  cost  of  carbon-free 
technologies  places  an  upper  limit  on  how  great  the  costs  of  reducing  carbon  emissions 
can  be.   Successful  research  and  development  that  accelerates  the  availability  of  less 
carbon-intensive  and  carbon-free  technologies  can  reduce  costs  in  the  backstop  period. 

8.2.3.3  Policy  Instruments  -  the  Tax  Recycling  Issue 

What  policy  instruments  are  used  to  trigger  modifications  in  consumption  and  technical 
adoption  behaviours  and  how  they  are  accounted  for  in  the  models  can  also  affect  the 
models'  results.  The  types  of  policy  instruments  that  have  been  studied  in  detail  are 
energy  taxes  and  quotas  on  the  one  hand  and  a  collection  of  regulatory  programmes, 
efficiency  standards,  incentives,  information  programmes,  and  voluntary  programmes  that 
are  intended  to  bring  about  adoption  of  specific  technical  measures  to  reduce  energy  use 
on  the  other.   Significant  differences  exist  among  different  models  as  to  which 
instruments  are  considered  and  how  they  are  treated. 

To  date  the  focus  of  macroeconomic  models  has  been  on  carbon  or  energy  taxes 
(the  focus  of  new  generations  of  sectoral  technico-economic  analysis  has  been  on  the 
impact  of  other  types  of  incentive  instruments),  and  significant  differences  in  the  results 
come  from  the  way  the  revenues  of  a  carbon  tax  are  recycled  in  an  economy.  In  the 
earlier  models,  many  simulations  were  made  that  assumed  no  tax  recycling.   Such  an 
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assumption  amounts  to  treating  a  carbon  tax  as  an  external  shock  such  as  an  oil  shock 
and  places  an  upper  bound  on  the  macroeconomic  costs.   In  later  analyses,  most  of  the 
models  represented  recycling  in  the  form  of  a  lump-sum  process,  namely,  without 
modifying  the  rest  of  the  fiscal  structure.  This  method  makes  comparison  easier  but 
does  not  describe  the  recycling  techniques  that  have  the  highest  probabilities  of  being 
implemented.  In  a  third  stage,  models  tried  to  exemplify  other  ways  of  recycling  a  tax  by 
changing  the  level  of  payroll  taxes,  income  taxes,  and  corporate  taxes,  or  simply  by 
reducing  public  deficits.  This  methodological  development  complicates  comparisons, 
because  the  outcome  depends  on  the  ways  the  existing  distortions  of  fiscal  structures  (or 
subsidies)  are  accounted  for  in  the  baseline,  but  it  is  more  meaningful  from  a  policy- 
making viewpoint. 

Theoretically,  the  recycling  of  a  carbon  tax  may  result  in  either  an  economic 
double  dividend  or  an  added  tax  burden  (Bovenberg  and  Van  der  Mooij,  1994;  Goulder, 
1994).   Rectangle  B  in  the  right-hand  diagram  in  Box  10.1  represents  the  additional  cost 
of  a  tax  when  it  is  levied  on  top  of  existing  distorting  taxes.   In  these  circumstances, 
emission  taxes  would  yield  an  economic  double  dividend  if  the  added  tax  burden  they 
cause  is  lower  than  the  decreased  tax  burden  they  make  possible  by  reduced  taxes  on 
other  factors  of  production  (labour,  capital,  rent).   Otherwise,  emission  taxes  would 
increase  the  costs  to  the  economy. 


[Figure  8.4] 

[THE  TEXT  DESCRIBING  FIGURE  8.4  WAS  DELETED.   THERE  IS  NOW  NO 
REFERENCE  TO  THIS  FIGURE  IN  THE  TEXT,  ALTHOUGH  THE  FIGURE  HAS 
BEEN  RETAINED.   WE  SHOULD  PROBABLY  TRY  TO  MENTION  IT  AT  LEAST 
BRIEFLY,  SO  THAT  IT  IS  INTEGRATED  WITH  THE  TEXT  AND  NOT  ORPHANED.] 
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Boxil 
Basic  Principles  for  the  Assessment  of  the  Welfare  Cost  of  a  Tax 

Make  D  the  demand  curve  for  a  given  good  (part  (a) 
of  the  diagram).  Then  Qq  is  the  quantity  of  this  good 
purchased  for  a  market  price  P(^  The  increase  in 
welfare  for  the  consumer  who  purchases  Qg  of  the 
.  good  is  the  area  of  the  triangle  Pq^(Pq  namely  the 
sum  of  the  difference  [difTerences?  CAN  WE  SUM 
ONE  DIFFERENCE?]  between  the  maximum  price 
the  consumer  would  be  willing  to  pay  and  the  price 
[prices?]  actually  paid  (the  consumer  would  have  been 
willing  to  pay  P^,  for  the  first  unit  of  the  good  but  got 
all  Qq  units  for  P^). 

When  a  tax  is  levied,  the  new  price  of  the  good  is  P ,. 
The  consumer  surplus  is  now  the  area  of  the  triangle 
P^]D]and  the  tax  revenue  is  the  area  of  the 
rectangle  R.  The  net  loss  in  welfare  is  then  equal  to 
the  triangle  A  (i.e.,  A  is  the  part  of  the  triangle 
P,J'(Pothat  does  not  accrue  to  the  consumer,  who 
gets  P^jDj  or  to  the  government,  which  gets  R).  If  a 
tax  is  levied  on  top  of  an  existing  tax  (part  (b)  of  the 
diagram),  then  the  loss  of  welfare  is  A  plus  A'  plus  B. 
The  higher  the  pre-existing  tax,  the  greater  the  loss  of 
welfare. 


8.2.3.4  International  Dimensions  of  Climate  Policies 

The  last  factor  affecting  the  cost  figures  provided  by  the  models  is  the  nature  of 
the  assumptions  made  about  the  international  context  of  climate  policy. 

On  the  one  hand,  unilateral  reduction  of  greenhouse  gases  may  negatively  affect 
the  competitiveness  of  national  industries  and  create  a  "leakage"  of  emissions  from  one 
country  to  another.   This  leakage  occurs  if  mitigation  policies  in  a  given  country  cause 
firms  to  relocate  their  polluting  plants  and  production  processes  to  countries  in  which  no 
such  policies  exist,  or  if  firms  in  countries  with  no  mitigation  policies  gain  a  comparative 
advantage  due  to  lower  costs,  thus  increasing  their  output  and  thereby  their  emissions 
relative  to  countries  with  mitigation  policies. 

On  the  other  hand,  international  coordination  of  mitigation  policies  may  not  only 
avoid  these  outcomes  but  may  result  in  lowering  the  total  global  cost  of  reducing 
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emissions.  To  the  extent  that  mitigation  costs  vary  among  countries,  then  the  costs  of  a 
given  level  of  global  mitigation  would  be  lower  if  international  coordination  resulted  in 
the  most  cost-effective  mitigation  policies  being  adopted  first,  than  if  each  country  were 
simply  to  reduce  emissions  by  an  equal  amount.'^  Although  a  growing  theoretical 
literature  is  currently  devoted  to  this  issue,  it  has  been  addressed  only  in  a  few  empirical 
modelling  works  to  date.   Most  analyses  have  assumed  either  that  national  polices  are 
adopted  imilaterally  or  that  the  effects  of  national  mitigation  policies  are  neutral  with 
respect  to  international  competition  (i.e.,  that  all  countries  take  the  same  action  or  that 
the  effects  of  mitigation  policies  on  international  competitiveness  are  small).  So  far  no 
model  has  been  able  to  account  for  the  gains  to  be  expected  from  international 
cooperation  in  research  and  development  and  technology  diffusion. 


83  Patterns  of  Development  and  Technological  Change 

For  any  country,  both  the  level  of  greenhouse  gas  emissions  and  the  costs  of  mitigation 
of  those  emissions  depend  on  a  series  of  factors,  including  the  range  of  technologies  used 
and  the  underlying  technological  and  socioeconomic  conditions  that  give  rise  to  final 
demands  for  land,  energy  services,  or  transportation.   Most  models  explore  options  and 
alternatives  as  well  as  possible  future  economic  conditions,  based  upon  particular 
assumptions  about  the  nature  of  technological  change  and  long-term  development  paths. 
This  section  of  the  chapter  will  explore  this  latter  question  in  more  detail,  because  these 
assumptions  are  very  often  only  implicit  and  because  current  modelling  methodologies 
and  current  data  do  not  enable  modellers  to  treat  explicitly  some  of  these  critical 
parameters. 

8.3.1  Links  Between  Development  Patterns,  Technical  Change,  and  Mitigation  Costs 

8.3.1.1  The  Importance  of  the  Socioeconomic  Assumptions  Underlying  Scenarios 

Much  of  the  discussion  about  the  costs  of  greenhouse  gas  emission  reduction  -  and 
indeed  about  energy  issues  in  general  -  naturally  focuses  on  economic  concepts  and 
variables  such  as  income,  prices,  and  growth  in  GDP.  We  therefore  begin  with  a  rather 
trite  observation:  damages  to  the  environment  are  not  caused  by  a  given  amount  of 
dollars,  yen,  pounds,  Deutschmarks,  or  francs,  but  by  the  material  content  of  the 
consumption  or  production  activities  that  are  the  counterparts  of  these  monetary  values. 
To  put  it  in  another  way,  greenhouse  gas  emissions  over  the  long  run  depend  not  only  on 
the  rate  of  economic  growth  but  also  on  the  structure  and  physical  content  of  this 
growth. 

It  is  well  known  that  coimtries  with  rather  similar  development  levels  may  have 
very  different  energy  consumption  per  capita  ratios  or  very  different  transportation 
requirements.  Some  of  these  disparities  are  obviously  due  to  natural  and  geographical 
characteristics  (temperature,  population  density,  etc.),  but  many  of  them  stem  from 
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differences  between  the  development  patterns  of  these  countries.  Comparative  studies 
aiming  at  explaining  these  differences  (Martin,  1992;  Darmstadter,  et  al.,  1977)  suggest 
the  importance  of  five  considerations  that  will  influence  the  amount  of  greenhouse  gas 
emissions,  given  a  certain  overall  rate  of  economic  growth: 

1.  Technological  patterns  in  sectors  such  as  energy,  transport,  heavy  industry, 
construction,  agriculture,  and  forestry.  As  discussed  below,  these  patterns 
encompass  individual  technological  choices  and  options  but  also  include  overall 
technological  systems,  with  their  particular  internal  consistencies  and  dynamics. 

2.  Consumption  patterns.  For  a  given  per  capita  income,  parameters  such  as  housing 
patterns,  leisure  styles,  or  the  durability  and  the  rate  of  obsolescence  of 
consumption  goods  will  have  a  critical  influence  on  long-run  emission  profiles. 
Beyond  their  purely  technical  aspects,  these  patterns  are  also  related  to  the  level 
of  education,  distribution  of  income,  and  degree  of  dualism  in  an  economy. 

3.  The  geographical  distribution  of  activities,  which  encompasses  the  distribution  of 
human  settlements  in  a  given  territory,  climate  impacts  on  energy  demand,  and 
the  nature  of  urban  form  within  a  given  settlement.  The  impact  of  this  parfimeter 
is  threefold:  first  on  the  evolution  of  land  uses,  second  on  mobility  needs  and 
transportation  requirements,  and  third  on  the  energy  used  for  heating  and  cooling. 

4.  Structural  changes  in  the  production  system  and,  in  particular,  the  role  of  high  or 
low  energy-intensive  industries  and  services.  The  energy  content  of  industries 
such  as  steel,  nonferrous  metals,  chemicals,  or  pulp  and  paper  is  between  four  and 
six  times  that  of  other  industries.   At  the  other  end  of  the  spectrum,  a  simple 
phone  call  on  a  given  commodity  futures  market  can  generate  substantial 
economic  gains  (and  e-mail  connections  can  increase  the  efficiency  of  researchers) 
for  a  negligible  energy  content.   A  shift  in  the  relative  size  of  primary  production 
and  service  industries  in  an  economy  may  or  may  not  affect  the  overall  level  of 
economic  activity  but  will  have  significant  implications  for  energy  use. 

5.  Trade  patterns.  It  is  generally  argued  in  the  economic  literature  that  removing 
tariff  and  nontariff  trade  barriers  enhances  overall  economic  efficiencies.  But, 
because  historical  experience  demonstrates  that  some  form  of  protectionism  was 
considered  necessary  to  many  countries  at  the  early  stages  of  industrialization,  and 
because  of  the  transition  problems  for  removing  these  barriers  (risks  of  social  and 
economic  disruptions),  free  trade  will  be  implemented  only  gradually  after  the 
Uruguay  Round.  In  the  meantime,  the  world  is  apparently  moving  towards  the 
CTeation  of  regional  trading  blocks  (European  Union,  NAFTA,  Mercosul).  The 
future  of  these  arrangements  is  very  hard  to  predict  and  will  alter  significantly  the 
access  to  the  best  available  technologies,  the  capacity  of  developing  countries  to 
generate  high  enough  internal  capital  accumulation  to  finance  infrastructures  and 
education,  the  location  of  industrial  activities,  and  future  land  uses  (because  of  the 
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impact  on  agricultural  markets). 

Of  course  these  factors  are  not  ignored  by  current  economic  models.  They  are  in 
some  way  captured  by  changes  in  economic  parameters  such  as  the  structure  of 
household  expenses  devoted  to  heating,  transportation,  or  food,  the  share  of  each  activity 
in  the  total  value  added,  the  share  of  energy  costs  and  transportation  costs  in  the 
production  function  of  industrial  sectors,  or  import-export  elasticities.  This  type  of 
treatment  is  convenient  for  addressing  the  requirements  traditionally  posed  by 
policymakers  since  the  beginning  of  economic  modelling  just  before  the  Second  World 
War:  to  provide  information  on  the  consequences  of  economic  policies  (e.g.,  a  monetary 
devaluation,  a  fiscal  policy,  an  incentive  to  final  demand  through  public  investment 
programmes,  etc.)  over  the  short  term  (1  to  3  years),  or  to  develop  consistent  economic 
scenarios  to  frame  sectoral  planning  and  policy  (mainly  in  energy  and  transportation) 
over  the  medium  term  (4  to  10  years).  For  these  time  horizons  and  objectives  it  is 
logical  to  assume  a  continuation  of  historical  trends  in  the  main  characteristics  of 
development  patterns  and  in  the  speed  and  direction  of  the  transformation  of  these 
characteristics. 

For  the  longer-term  periods  under  consideration  in  greenhouse  debates,  these 
assumptions  cannot  be  easily  maintained,  zmd  economic  parameters  cannot  easily  be 
viewed  as  the  sole  command  variables  needed  to  predict  the  future  of  our  production 
and  consumption  systems.  For  example,  a  given  amount  of  added  value  produced  by  the 
steel  or  chemical  industries  may  correspond  to  very  different  levels  of  material 
production  (and  thus  energy  demand),  depending  upon  the  level  of  sophistication  of  the 
final  product;  in  the  same  way,  the  differences  in  household  budgets  devoted  to 
transportation  may  not  fully  express  the  differences  in  mobility  and  transportation 
patterns  prevailing  between  towns  with  or  without  public  rail  transport  systems,  or 
between  car  uses  in  towns  with  very  different  levels  of  congestion. 

More  fundamentally,  the  dynamics  of  long-term  technological  development  cannot 
be  fully  captured  by  changes  in  the  capital  output  ratio  (the  aggregate  amount  of 
economic  capital  used  per  unit  of  output)  or  by  the  impact  of  the  rate  of  investment  on 
overall  productivity.  These  parameters  are,  of  course,  important,  but  the  outcome  in 
terms  of  greenhouse  gas  emissions  will  also  depend  upon  dynamic  linkages  between 
technology,  consumption  patterns  (mainly  with  respect  to  energy  requirements), 
transportation,  urban  infrastructure,  and  the  rural-urban  distribution  of  population.  We 
will  come  back  later  to  the  attempts  of  existing  models  to  take  these  parameters  into 
account,  but  the  lack  of  knowledge  available  about  their  dynamic  linkages  and  about 
their  interactions  with  economic  policies  and  economic  signals  over  the  long  run  must  be 
underlined  at  this  stage,  together  with  the  intrinsic  difficulty  of  predicting  innovations 
and  transformations  of  lifestyles  over  the  long  run.  While  many  fields  of  social  science 
address  these  issues,  such  information  is  not  typically  available  in  a  form  easy  to  process 
in  a  numerical  model. 


18 


825 


In  principle,  alternative  configurations  of  the  factors  determining  development 
patterns  could  be  formally  combined  to  give  internally  consistent  scenarios  characterized 
by  various  physical  and  technical  characteristics  and  economic  equilibria  for  a  given  rate 
of  economic  growth.  But  this  does  not  mean  that  all  of  these  possible  scenarios  are 
viable  and  that  it  is  possible  to  achieve  a  transition  towards  these  long-term  pictures 
without  entailing  high  social  and  economic  costs.  What  matters  here  is  that  these 
underlying  technological  and  consumption  factors  are  critical  not  only  for  the  definition 
of  the  baseline  scenarios  but  also  for  the  assessment  of  actual  mitigation  costs  for  a  given 
mitigation  policy  ot  objective. 

As  explained  earlier,  the  mitigation  costs  attached  to  each  possible  baseline 
scenario  depend  not  only  on  the  absolute  level  of  the  required  mitigation  and  on  the 
array  of  available  technologies  (energy  efficiency,  fuel  switching,  biomass  planting,  other 
renewable  energy  development,  modal  choices  in  transport)  but  also  on  the  timing  of  this 
mitigation  (Grubb,  et  al.,  1994;  Hourcade  and  Chapuis,  1993;  Manne  and  Richels,  1992). 
In  this  connection,  three  groups  of  partly  related  issues  become  very  important: 

■  The  flexibility  (or  inertia)  of  consumption  patterns  underlying  the  activity  of 
greenhouse  gas -emitting  sectors  such  as  energy,  transportation,  or  cement.  This 
flexibility  parameter  determines  the  speed  of  adaptation  to  a  given  economic  or 
noneconomic  signal  and  encompasses  two  aspects.  The  first  is  the  rate  of  renewal 
of  exisfing  end-use  equipment,  which  is  likely  to  be  an  important  factor  in  the 
case  of  buildings,  which  have  longer  lifetimes  than  most  capital  stock.  A  more 
critical  inflexibility  stems  from  the  systemic  linkages  between  consumption 
patterns,  technology,  and  the  spatial  distribution  of  activities.  To  take  an  extreme 
illustration,  it  would  be  far  more  costly  to  move  away  from  oil-based  automobile 
fuels  in  big  conurbations  where  urban  structure  makes  the  use  of  cars  almost 
compulsory  than  in,  say,  a  European  town  of  about  40,000  inhabitants  where  it 
would  be  easier  to  sadsfy  a  significant  proportion  of  intra-urban  personal 
transportation  with  electric  buses  and  bicycles.  The  second  aspect  is  the  length  of 
time  required  for  turnover  of  the  energy  supply  system.   In  this  coimection,  the 
flexibility  of  policy  response  is  associated  with  the  size  and  lead  times  associated 
with  new  energy  supply  technologies. 

■  Behavioural  characteristics  that  determine  technical  change  and  the  evolution  of 
life  styles;  this  point  will  be  elaborated  further  with  regard  to  technical  adoption 
mechanisms.  With  regard  to  consumption  patterns,  the  roots  of  inertia  are  not 
only  technical.  Anthropology  and  social  psychology  demonstrate  how  far  they  are 
embedded  in  cultures  and  habits  and,  more  generally,  how  individual  consumption 
behaviours  are  shaped  by  social  determinants  that  are  hard  to  change  overnight 
(Robinson,  1991). 

■  Interactive  effects  due  to  feedbacks  between  the  use  of  certain  options  and  the  rest 
of  the  economy.  Some  sectors  have  a  pervasive  effect  on  the  rest  of  the  economy, 
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and  drastic  adaptations  would  trigger  strong  structural  shocks  on  the  entire 
productive  system. 

As  a  whole,  the  critical  role  of  these  factors  comes  from  the  fact  that  the  bigger 
the  inertia  of  the  production  and  consumption  systems  the  more  the  mitigation  costs  will 
be  determined  by  the  timing  of  the  required  mitigation.  This  is  easy  to  understand  as  far 
as  the  adoption  of  new  technologies  is  concerned:  to  accelerate  the  replacement  of  old 
equipment  could  be  a  major  source  of  the  costs  of  mitigation.   But  this  inertia  also 
determines  the  magnitude  of  the  loss  of  consumer  welfare  associated  with  mitigation.  If 
the  range  of  available  alternatives  is  restricted  by  the  material  and  spatial  features  of 
one's  living  conditions,  the  consumer  will  tend  to  suffer  from  welfare  losses  during  the 
transition  period  towards  consumption  and  production  systems  that  emit  lesser  quantities 
of  greenhouse  gases. 

A  special  case  for  inertia  in  development  patterns  occurs  when  such  inertia 
creates  irreversible  processes  of  technological  change.  To  a  large  extent  such 
irreversibilities  emerge  out  of  the  factors  traditionally  discussed  in  the  literature  on 
technical  irmovation:  learning  curves,  economies  of  scale,  increasing  informational 
returns,  positive  network  externalities,  barriers  to  entry,  and  others.   Irreversibility  occurs 
when  these  factors  combine  in  such  a  way  that  a  particular  trajectory  of  technological 
change  and  development  is  created  that  effectively  makes  impossible  alternative  choices 
that  were  available  earlier.  This  gives  rise  to  a  time  dependence  of  technical  choices  and 
the  occurrence  of  "lock-in"  effects  (Arthur,  1988).   Beyond  such  a  bifurcation  point, 
market  forces  will  reinforce  the  first  choice  in  a  self-fulfilling  process.  To  give  a  single 
example,  given  the  high  research  and  development  costs  involved  in  a  new  automobile 
engine,  it  is  unlikely  that  research  and  development  risks  will  be  incurred  simultaneously 
on  electric  cars,  2L/100  km  gasoline  engines,  and  biofuel  engines.   As  with  gasoline 
engines  in  the  early  days  of  the  automobile,  choice  of  a  particular  technology  will 
essentially  prevent  the  development  of  alternatives. 

More  generally,  beyond  technical  considerations  themselves,  the  self-reinforcing 
loops  among  technical  choices,  consumer  demand,  and  the  geographical  distribution  of 
activities  and  human  settlements  explain  the  fact  that  particular  sets  of  technological  and 
behavioural  options  can  be  clustered  into  consistent  packages  which,  at  least  for  a  rather 
long  period  of  time,  foreclose  other  options  in  technology  and  innovation.  These  clusters 
are  rather  systematic  in  industries  relying  on  network  structures,  such  as  energy, 
transportation,  or  telecommunications  because  of  the  characteristics  of  their  production 
function  (e.g.,  discontinuities  and  economies  of  scale),  the  need  for  technical 
harmonization  across  the  network,  and  their  dynamic  interactions  with  markets.  This  is 
particularly  clear  for  transportation  systems  because  of  their  linkages  with  urban  and 
spatial  dynamics.   For  example,  trends  observed  in  Western  Europe  over  the  past  several 
decades  could  be  expected  to  lead  to  a  doubling  of  road  freight  on  highways  during  the 
following  15  years  under  the  influence  of  the  Single  European  Market.   However,  if 
Austria  and  Switzerland  maintain  their  policies  of  limiting  international  truck  freight 
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transport  across  their  countries  for  reasons  of  security,  avoidance  of  congestion,  and  local 
environmental  protection,  Europe  will  over  the  next  several  decades  create  two  very 
different  transport  systems  (combined  rail-road  versus  road-dominant)  and  will  certainly 
have  gone  beyond  a  bifurcation  point  (Hourcade,  1992).  A  similar  choice  is  to  be  faced 
in  the  near  future  in  many  large  developing  countries  with  far  more  dramatic 
consequences,  as  decisions  are  made  about  how  to  expand  road,  rail,  and  air  networks  to 
respond  to  large  increases  in  the  demand  for  personal  mobility  and  freight  transport. 

8.3.1.2  Currera  and  Future  Socioeconomic  Development  Patterns 

Combining  the  issues  and  considerations  discussed  above  suggests  that  four  factors  are 
likely  to  give  rise  to  differences  in  the  development  paths  underlying  different  baseline 
emission  levels  and  differences  in  the  cost  curves  for  emission  reduction  or  adaptation. 
We  will  describe  briefly  the  nature  of  these  factors  and  point  out  to  what  extent  they  are 
amenable  or  not  to  conscious  control  or  choice.  TTie  critical  issue  is  that  many  of  the 
decisions  that  are  apt  to  control  the  long-term  paths  will  be  taken  for  reasons  that  have 
nothing  to  do  with  energy  policy  or  climate  change  issues  and  are  indeed  very  often 
taken  "in  passing"  rather  than  as  an  explicit  component  of  public  policy. 

8.3.1.Z1  Material  and  energy  content  of  development  in  industrialized  countries 

An  important  determinant  of  greenhouse  gas  emissions  in  any  economy  is  the  raw 
material  intensity  of  that  economy:  the  amount  of  matter  and  energy  used  per  unit  of 
economic  activity.   Broadly  speaking,  for  any  given  level  of  economic  activity,  the  lower 
the  raw  material  intensity,  the  lower  the  greenhouse  gas  emissions.   Over  the  past  several 
decades,  the  raw  material  intensity  of  industrialized  countries  has  dropped  significantly 
(Bemardini  and  Galli,  1993;  Williams,  1987).  An  important  question  is  whether  such 
reductions  in  industrialized  economies  simply  reflect  the  shifting  of  energy-  and  matter- 
intensive  activities  to  other  countries,  in  which  case  the  net  effect  may  be  to  hold 
constant  or  even  increase  global  raw  material  intensities,  or  whether  there  is  a  net 
reduction  in  the  energy-  and  matter-intensive  activities  themselves  (lAEE,  1993). 

Some  of  the  major  socioeconomic  factors  that  will  effect  the  future  raw  material 
intensity  of  industrialized  economies  are: 

■  structural  shifts  in  the  economy  towards  services; 

■  increases  in  the  "information  intensity"  of  industrial  processes,  goods,  and  services 
(Chen,  1994); 

■  the  effects  of  telecommunications  on  travel  and  transportation  energy  use 
(Selvanathan  and  Selvanathan,  1994); 

•         saturation  in  the  consumption  of  some  goods  and  services  and  the  emergence  of 
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less  energy-  and  material-intensive  goods  and  services. 

Clearly  quite  different  configurations  of  these  factors  are  possible,  resulting  in 
potentially  large  differences  in  raw  material  intensities,  independent  of  the  size  of  the 
economy.   It  is  also  clear  that  mitigation  costs  per  unit  of  economic  activity  (e.g.,  dollars 
per  unit  GDP)  will  depend  on  both  the  mix  and  level  of  such  intensities  and  will 
necessarily  vary  among  economies  with  different  structures. 

8.3.1.Z2  Links  among  energy,  transport,  and  urban  planning 

Transportation  energy  use  accoimts  for  a  significant  proponion  of  greenhouse  gas 
emissions,^'  and  its  growth  rate  is  typically  higher  than  for  other  categories  of  energy 
demand.   More  critically  it  is  the  only  form  of  energy  use  not  drastically  decoupled  from 
economic  growth  after  the  oil  shocks.  This  does  not  demonstrate  that  price  effects  are 
nonexistent  in  this  sector  but  that  they  interact  with  other  structural  determinants.  In  the 
U.S.,  for  example,  energy  efficiency  gains  in  private  automobiles  over  the  1970s  and  early 
1980s  were  almost  exactly  offset  by  increases  in  distances  driven  per  vehicle,  so  that  total 
energy  use  remained  flat  (Schipper  and  Howarth,  1990).  In  the  transport  sector,  the  size 
and  type  of  emissions  are  a  function  of  the  demand  for  transportation  services  (i.e.,  the 
amount  of  travel),  the  mode  chosen  (auto,  air,  bus,  rail),  the  efficiency  of  the  vehicles, 
and  the  types  of  fuel  used.  The  first  two  of  these,  in  turn,  are  greatly  influenced  by,  and 
influence,  the  size  and  configuration  of  cities  and  towns  (Newman  and  Kenworthy,  1989). 
Important  factors  are: 

■  the  location  of  housing  relative  to  jobs,  schools,  and  retail  outlets; 

■  the  distribution  of  retail  trade  and  industrial  activities  within  the  region; 

■  the  road  and  rail  network  within  and  among  different  cities  and  towns;  and 

■  the  investment  in,  and  choice  of,  public  transit  systems. 

Beyond  these  specific  urban  planning  issues  are  a  whole  set  of  questions  related  to  the 
development  of  new  transportation  systems  and  technologies  (Ross,  1989).  The  growth 
in  personal  mobility  in  industrialized  countries  over  the  past  several  centuries  has  been 
closely  correlated  with  technological  advances  in  the  types  of  vehicles  used,  the 
availability  of  fuels,  and  the  transportation  infrastructure  created.   In  turn,  such  factors 
interact  in  complex  ways  with  urban  form  and  development  and  directly  affect  both  the 
prospects  for,  and  the  costs  of,  greenhouse  gas  mitigation.    For  example,  the  level  of 
future  automobile  emissions  will  depend  in  part  on  the  degree  of  saturation  of 
automobile  densities  in  urban  areas,  due  to  the  availability  of  effective  air  and  high 
speed  ground  transportation  alternatives  (Griibler  et  al.,  1993).   In  the  metropolitan  area 
of  Sao  Paulo,  for  instance,  most  of  the  increase  in  atmospheric  pollution  has  been 
attributed  to  increased  congestion,  as  indicated  by  a  reduction  in  the  average  vehicle 
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speed  from  28  km/h  during  the  1980s  to  20-24  km/h  in  1993  (CETESB,  1994). 

Clearly,  quite  different  configurations  of  these  factors  can  be  envisaged,  and 
transportation  is  typically  a  field  in  which  bifurcations  towards  contrasted  paths  may 
occur  in  any  region  of  the  world.  These  alternatives  would  have  major  impacts  on 
mitigation  options  and  costs.  As  suggested  earlier,  the  costs  of  transportation  sector 
mitigation  for  a  population  that  is  dependent  upon  automobile  transport  in  highly 
dispersed  suburban  developments  would  be  very  different  than  for  a  population  located 
at  the  core  of  dense  urban  agglomerations  with  a  well-developed  urban  transit 
infrastructure.  Since  towns  and  cities  take  shape,  and  change,  over  periods  measured  in 
decades  and  centuries,  the  full  effect  of  alternative  transportation  developments  will  be 
manifest  only  in  the  relatively  long  term,  and  a  high  uncertainty  stems  from  the  long-run 
impact  of  short-term  decisions  (or  nondecisions). 

8.3.1.13  Land  use  and  human  settlements 

This  issue  concerns  all  regions  of  the  world,  but  its  quantitative  impact  is  more 
impressive  in  developing  countries.   Land  use  and  human  settlement  pattern  changes 
derived  from  agricultural  and  forestry  activities  as  well  as  rural-rural  and  rural-urban 
migrations  are  among  the  main  sources  of  greenhouse  gas  emissions  in  these  countries. 
Deforestation  in  most  developing  countries  is  a  complex  phenomenon,  mainly  caused  by 
the  expansion  of  the  road  network,  logging  and  cattle  rciising  activities,  agricultural 
production,  and  population  growth  fostered  by  rural-rural  migrations  due  in  some  cases 
to  the  absence  of  guaranteed  access  to  land  (agrarian  reform)  in  other  regions. 

These  examples  show  that  mitigation  cost  estimates  that  don't  take  account  of 
such  institutional  factors  can  be  very  misleading.   Hidden  costs  can  be  very  important 
when  one  considers  the  institutional  capacity  building  needed,  on  the  one  hand,  to 
prevent  the  harvesting  of  a  very  low-cost  natural  resource  such  as  a  native  forest,  and,  on 
the  other,  to  enforce  environmental  protection,  reforestation,  and  forest  management 
practices.   Moreover,  even  macroeconomic  cost  assessments  don't  te'l  the  whole  story: 
for  instance,  the  whole  GDP  loss  resulting  from  completely  halting  the  development  of 
the  Amazon  region  would  be  very  low  compared  with  overall  Brazilian  economic  output, 
but  this  scenario  is  clearly  inconceivable  for  social,  pohtical,  and  cultural  reasons.  Deep 
structural  changes  in  these  underlying  factors  will  often  be  required  in  order  to  make 
mitigation  strategies  feasible. 

In  this  field  it  is  even  more  important  than  elsewhere  to  look  at  the  "greenhouse 
gas  mitigation  component"  of  more  general  development  strategies  instead  of  considering 
greenhouse  gas  mitigation  measures  on  their  own.   Mitigation  costs  are  only  one  part  of 
a  larger  set  of  factors  in  such  cases.   For  example,  a  first  step  towards  increasing  the 
relevance  of  a  carbon  sequestration  objective  might  be  to  link  it  with  the  preservation  of 
biodiversity.  This  could  increase  its  political  and  social  relevance,  though  it  would  make 
the  task  of  quantifying  economic  costs  and  benefits  much  more  difficult. 
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8.3.1.2.4  Development  patterns  in  developing  countries 

The  importance  of  development  pattern  assumptions  for  the  assessment  of  mitigation 
costs  is  of  particular  importance  in  the  case  of  developing  countries.   As  a  major  part  of 
the  infrastructure  needed  for  development  is  still  to  be  built,  the  spectrum  of  future 
options  is"  considerably  wider  than  in  industrialized  countries.  The  traditional  approach 
of  using  "business-as-usual"  assumptions  as  the  baseline  is  then  particularly  problematical. 


Nor  can  one  assume  that  developing  countries  will  automatically  follow  the  past 
development  paths  of  industrialized  countries.  The  significant  transformations  recently 
evident  in  the  international  economy  and  energy  markets  highlight  the  dangers  of  such 
an  assumption.   In  this  respect,  we  need  to  consider  the  structure  of  GDP  in  developing 
countries  and  how  that  structure  might  evolve  given  such  global  transformations.  A 
crucial  question  concerns  the  developing  countries'  share  of  the  world  production  of 
highly  energy-  and  pollution-intensive  goods,  such  as  steel  and  aluminum.   For  example, 
as  the  recent  shift  of  heavy  industries  from  the  industrialized  countries  towards  the 
developing  countries  begins  to  slow,  economic  output  may  increasingly  come  from 
services  and  other  less  energy-intensive  activities. 

Moreover,  technological  choices  in  both  the  production  and  consumption  sectors 
can  substantially  change  critical  parameters  such  as  the  elasticity  of  energy 
demand/GDP.   Experience  demonstrates  that  countries  entering  the  path  to 
development  have  had  generally  lower  energy  profiles  than  countries  that  developed 
sooner.  This  does  not  mean  that  the  energy/GDP  ratio  will  not  increase  in  many  of 
these  countries  and  that  increases  in  consumer  purchasing  power  in  many  developing 
countries  will  not  drive  up  energy  demand  growth  rates.   It  does  mean,  however,  that 
these  countries  are  not  bound  to  reach  the  same  levels  of  energy  intensity  that  countries 
such  as  the  United  Kingdom  and  the  USA  have;  they  are  not  bound,  for  example,  to 
adopt  the  same  model  of  energy-wasteful  refrigerators  that  still  are  in  operation  in 
developed  countries  or  to  fail  to  include  up-to-date  technological  improvements  in 
factories,  many  of  which  will  improve  energy  efficiency.   More  generally  a  growing 
interest  in  the  preservation  of  cultural  diversity  might  also  favour  less  energy  intensive 
housing,  transportation,  leisure,  and  consumption  patterns,  and  less  resource 
consumption  per  capita  than  is  currently  the  case  in  the  developed  countries.   One 
among  other  possible  examples  is  related  to  avoiding  low  urban  population  densities  that 
are  coupled  with  long  daily  trips  to  work  and  to  large  shopping  centres  by  car. 

Finally,  the  spatial  distribution  of  the  population  and  of  economic  activities  is  still 
not  settled  in  most  developing  countries,  a  situation  that  offers  the  possibility  of  adopting 
urban/regional  plaiming  and  industrial  policies  directed  towards  rural  development  and  a 
stronger  role  for  small  and  medium  cities,  thus  reducing  the  extent  of  rural  exodus  and 
the  degree  of  demographic  concentration  in  large  cities.^'  But,  given  current  heavy 
trends  towards  huge  conurbations,  it  will  be  difficult  to  shift  them  over  the  next  century. 
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We  are  faced  here  with  a  large  degree  of  socioeconomic  inertia  that  can  be  overcome 
only  gradually  through  steady  long-term  policies.  Nevertheless,  more  decentralized 
development  patterns  than  those  typical  of  industrialized  countries  could  allow 
developing  countries  to  use  modem  technology  (biotechnology,  solar  energy,  wind,  and 
small-scale  hydro  power)  to  tap  their  large  reserves  of  natural  resources.   In  the  same 
ways,  it  could  change  their  needs  for  transportation. 

These  examples  show  that  developing  countries  might  be  in  position  to  adopt 
antidpative  strategies  that  could  avoid  in  the  long  term  some  of  the  problems  faced 
today  by  industrial  societies.   For  example,  in  industrialized  countries,  energy 
demand/GDP  elasticities  first  increased  with  successive  stages  of  industrialization  (with 
an  acceleration  during  the  1950s  and  1960s),  but  have  sharply  decreased  since  then,  due 
to  a  number  of  different  factors,  such  as  the  relative  growth  of  services  in  the  share  of 
GDP  and  technical  progress  and  energy  conservation  induced  by  higher  oil  prices 
(Martin,  1988;  Darmstadter,  et  al.,  1977).  Developing  countries  could  follow  a  path 
leapfrogging  these  intermediate  stages  and  leading  directly  to  less  energy-intensive 
development  patterns,  thus  avoiding  a  large  increase  in  energy/GDP  intensities  in  the 
short  and  medium  terms  -  the  so-called  "tunnel  effect"  (Berrah,  1983). 

Such  possibilities  for  alternative  development  patterns  highlight  the  technical 
feasibility  of  low  carbon  futures  in  developing  countries  that  are  compatible  with  national 
objectives.  But,  in  the  opposite  direction,  past  and  present  experience  suggest  that  these 
countries  might  not  be  in  position  to  switch  towards  low  greenhouse  gas -emitting 
profiles.  The  recent  experience  of  economic  stagnation  or  recession  in  a  substantial  set 
of  developing  countries  demonstrates,  for  example,  that  access  to  superior  technologies 
may  be  limited  by  the  increase  of  the  share  of  second-hand  equipment  or  the  import  of 
obsolete  technology  and  products.   In  the  same  way,  the  prevailing  indebtedness  of  many 
countries  could  prohibit  the  adoption  of  interurban  transportation  infrastructures  or  of 
the  urban  infrastructure  policies  necessary  to  reach  balanced  human  settlement  patterns. 
As  a  whole,  barriers  to  more  sustainable  development  in  the  developing  countries  can 
hardly  be  underestimated.  These  include  insufficient  capital  stock  thus  preventing  the 
use  of  the  same  technologies  as  in  developed  countries),  tariff  and  nontariff  trade 
barriers,  the  organization  of  international  trade  and  the  international  financial 
enviromnent,  the  distribution  of  national  income,  and  very  often  the  lack  of  appropriate 
institutions  for  using  the  indigenous  technical  and  economic  capabilities  of  these 
countries. 

This  means  that  switching  to  very  different  development  patterns  from  those  that 
have  customarily  been  expected  will  depend  upon  the  removal  of  these  barriers,  the 
setting  up  of  an  appropriate  context  by  national  public  policies,  and  the  evolution  of 
international  economic  relationships.   Development  theory  has  not  yet  provided  the 
analytical  tools  needed  to  enable  modellers  to  discriminate  among  such  different 
development  patterns. 
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8.3.2  Modelling  Development  Paths  and  Mitigation  Costs 

It  is  clear  from  the  preceding  discussion  both  that  underlying  socioeconomic  conditions 
will  have  an  important  effect  on  future  greenhouse  gas  emissions  and  the  costs  of 
mitigation  and  that  great  uncertainty  exists  about  how  those  conditions  may  evolve  over 
the  next  century.  The  extent  of  these  uncertainties  is  such  as  to  cast  some  doubt  on  the 
ability  of  models  to  predict  long-term  development  patterns.  On  the  other  hand,  it  has 
become  more  and  more  important  to  have  a  scientific  understanding  of  the  implication 
of  possible  long  trends.  It  is  in  the  context  of  this  tension  between  uncertainty  and  the 
need  to  act  that  we  have  to  assess  the  meaning  and  lessons  of  modelling  analyses. 

8.3.11  Prediction  and  Simulation:  The  Need  for  Multiple  Baselines 

In  coming  to  grips  with  the  uncertainty  of  long-term  projections,  it  is  important  to 
recognize  that  it  goes  beyond  the  uncertainty  associated  with  any  given  emissions  forecast 
or  scenario.  The  point  is  not  that  individual  base  case  forecasts  or  scenarios  are 
uncertain  with  regard  to  exogenous  parameters  such  as  economic  or  population  growth 
rates.   It  is  that  there  exists  a  range  of  quite  different  underlying  socioeconomic 
development  paths  that  would  give  rise  to  different  emission  scenarios  and  costs  of 
mitigation.  Each  of  these  development  paths  can  be  thought  of  as  a  base  case,  and  each 
one  will  vary,  given  different  assumptions  about  economic  or  population  growth  rates 
(i.e.,  each  is  uncertain  in  the  familiar  sense).   Moreover,  to  the  extent  that  these  different 
development  paths  contain  the  kinds  of  bifurcations  and  irreversibilities  discussed  above, 
it  would  be  very  difficult,  and  indeed  misleading,  to  estimate  a  probability  distribution 
for  the  set  of  long-term  development  paths.   Such  bifurcations  can  be  triggered  by  short- 
term  decisions  and  actions  that  are  not  predictable. 

The  logical  implication  of  this  is  the  necessity  to  use  multiple  scenarios  in  order  to 
account  for  uncertainties  with  regard  to  development  patterns  and  the  possibility  of  what 
economists  call  "multiple  equilibria"  in  the  long  term.  At  time  "t"  there  are  several 
possible  market  equilibria  that  could  arise  at  a  future  time  "t  +  n"  (i.e.,  several  possible 
states  of  the  world  characterized  by  different  technical  circumstances),  and  these  are  not 
easily  predictable  from  current  trends.   From  a  purely  analytical  perspective,  it  is 
possible  to  resort  to  some  subjective  or  logical  probability  distribution  in  order  to  narrow 
these  uncertainties  among  different  scenarios  and  provide  some  kind  of  average  scenario. 
But  to  do  so  could  be  misleading  in  a  decision-making  context.  The  point  is  that  these 
filtemative  base  cases  represent  quite  different,  and  internally  consistent,  patterns  of 
development.   Many  of  the  uncertainties  about  such  scenarios  are  due  to  the  long-term 
consequences  of  short-term  decisions  or  behaviours,  and  to  the  collective  expectations 
regarding  the  future  time  "t  +  n"  prevailing  at  time  "t"  regarding  the  future  litne  "t+ii|  In 
turn,  these  decisions,  behaviours,  and  expectations  are  part  of  a  particular  sequence  of 
events  and  caiuiot  simply  be  combined  with  the  components  of  other  such  sequences  to 
produce  an  "average"  or  "most  likely"  sequence. 
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These  concerns  about  the  predictive  value  of  models  and  the  existence  of  possible 
multiple  economic  equilibria  and  their  logical  implications  for  policy  making  are  not  new 
in  various  fields  of  socioeconomic  modelling.   The  origin  of  these  concerns  lies  in  the 
recognition  of  the  limits  of  empirical  forecasting  methods  that  appeared  by  the  end  of 
the  1960s.  This  led  to  the  development  of  approaches  that  tend  to  emphasize  the 
unpredictability  of  alternative  futures,  the  degree  to  which  they  are  subject  to  partial 
choice,  and  the  need  for  analysis  of  multiple  alternatives.'*  In  the  energy  field, 
approaches  based  on  the  concept  of  multiple  scenarios  were  pioneered  by  Shell 
International  Petroleum  Company  in  the  early  1970s  (Jefferson,  1982,  1983;  Wack,  1985a, 
1985b)  and  have  been  adopted  in  various  forms  in  the  electric  utility  industry  in  North 
America  (Southern  California  Edison,  1988;  Northwest  Power  Planning  Council,  1991). 
More  recently,  building  in  part  on  some  of  the  methodological  insights  of  the  Shell 
scenario  analysis  approach,  there  has  emerged  a  set  of  more  general  analyses  of  long- 
term  futures  focusing  on  questions  of  surprise  and  alternative  development  paths  defined 
in  very  broad  terms  (FRN,  1987;  Stockholm  Environment  Institute/Greenpeace,  1993; 
Gal  and  Frick,  1987). 

In  parallel  to  methodological  concerns  about  the  inadequacy  of  traditional 
forecasting  techniques,  there  emerged  over  the  same  period  a  series  of  critiques  of 
conventional  "business-as-usual"  views  of  the  fumre,  usually  based  on  an  explicitly 
environmental"  perspective.   One  of  the  most  prominent  of  these  early  critiques  was  the 
Club  of  Rome's  1972  book  The  Limits  to  Growth  (Meadows,  et  al.,  1972),  the  publication 
of  which  stimulated  an  extensive  debate  about  alternative  development  paths.  This 
debate  was  fuelled  by  the  publication  of  a  number  of  subsequent  studies  (Mesarovic  and 
Pestel,  1974),  including  the  Leontieff  report  launched  to  illustrate  the  International 
Development  Strategy  adopted  by  the  United  Nations  in  1974  (Tinbergen,  1976).  An 
attempt  to  articulate  a  developing  country  perspective  on  these  issues  led  to  the 
publication  of  the  Bariloche  report,  which  presented  a  rather  different  development  path 
for  these  countries  (Herrera,  et  al.,  1976). 

These  studies  provided  fertile  ground  for  the  development  of  alternative  energy 
modelling  analyses,  which  were  also  triggered  in  part  by  the  oil  shock  of  1973-74.  These 
studies  expressed  concerns  about  possible  long-range  limits  in  fossil  fuel  resources  and 
about  the  risks  likely  to  be  involved  in  nuclear  power.  Following  a  major  study  by  the 
Ford  Foimdation  in  1974  (Ford  Foimdation,  1974),  Amory  Lovins'  provocative  "soft 
energy  path"  analysis  (Lovins,  1977)  helped  to  launch  many  exploratory  works  in  North 
America  (Craig,  et  al.,  1978;  Sant,  1979;  CONAES,  1980;  Stobaugh  and  Yergin,  1979; 
Ross  and  Williams,  1981)  and  in  many  European  countries  (Johansson  and  Steen,  1977; 
Leach,  1979;  Norgard,  1979;  Krause,  1981;  Messenger,  1981;  Olivier,  et  al.,  1982)  about 
the  possibility  of  avoiding  possible  physical  hmits  and  nuclear  risks.  These  studies  were 
based  upon  what  came  to  be  called  "bottom-up"  methods  of  analysis  and  produced 
energy  system  projections  that  were  significantly  at  odds  with  the  "top)-down"  analyses 
prepared  by  governments,  the  energy  industry,  and  energy  economists"  relying  on 
extrapolatory  approaches.  In  the  early  1980s,  the  publication  of  the  results  of  the 
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energy  study  by  the  International  Institute  of  Applied  Systems  Analysis  (Hafele,  1981) 
sparked  a  vigorous  debate  about  both  modelling  methods  and  alternative  energy  futures 
(Keepin  and  Wyime,  1987;  Thompson,  1984).  Subsequent  analyses  continued  to  reflect 
the  split  between  top-down  and  bottom-up  analyses,  but  revealed  a  growing  interest  in 
global  environmentJil  issues  such  as  global  climate  change,  influenced  in  part  by  the 
publication  of  the  final  report  of  the  World  Commission  on  Enviromnent  and 
Development  (1987)  and  the  subsequent  UN  Conference  on  Environment  and 
Development  in  1992.^  Throughout  this  period,  a  major  bone  of  contention  has  been 
how  best  to  analyze  alternative  patterns  of  development  and  technological  change  that 
represent  significant  departures  from  past  trends. 

These  debates  are  not  restricted  to  applied  analyses.  They  have  been  raised  in 
many  fields  of  social  science  theory  concerning  such  issues  as  the  plurality  of  economic 
equilibria  generated  by  different  sets  of  expectations  (such  as  the  works  about  the  so- 
called  "sunspot  theory"  (Azariadis  and  Guesnerie  (1986));  self-fulfilling  or  self-defeating 
prophecies  (Henshell,  1982,  1993)  ;  "common-knowledge"  and  "conventions"  (Lewis,  1969; 
Dupuis,  1989);  the  coordination  game  (Schelling,  1960;  Aumann,  1987),  or,  more 
generally,  the  outcome  of  repeated  games  in  game  theory  (Fudenberg  and  Tirole,  1991) 
and  chaotic  behaviour  and  surprises.  The  general  point  is  that  there  is  a  rich  history  of 
approaches  to  modelling  that  emphasize  the  importance  of  incorporating  alternative 
development  paths  and  multiple  base  cases.  As  yet  such  approaches  have  made  only  a 
modest  impact  on  greenhouse  gas  costing  studies. 

8.3.2.2  Economic  Modelling  and  Development  Trends:  Some  Limits 

There  is  perhaps  an  unavoidable  gap  between  advanced  thinking  in  social  science  theory 
and  the  empirical  tools  available,  given  computational  constraints,  data  availability,  and 
the  priorities  adopted  by  research-funding  institutions.   Nevertheless,  over  the  past  two 
decades  the  state  of  the  art  of  long-term,  policy-oriented  energy  system  modelling  has 
evolved  very  rapidly,  due  in  large  part  to  significant  progress  in  energy-economy 
modelling.  This  progress  has  been  driven  by  questions  raised  by  the  oil  shocks  of  the 
1970s,  perceived  risks  of  resource  exhaustion,  the  nuclear  debate,  and  climate  change 
issues. 

Progress  hcis  also  been  made  in  modelling  other  sectors  such  as  transportation  or 
agriculture.   However,  less  attention  has  been  paid  in  this  work  to  the  linkage  between 
sectoral  analysis  and  a  more  comprehensive  economic  framework  than  in  energy  sector 
analyses,  where  policymakers  have  been  very  interested  in  the  macroeconomic 
imbalances  (e.g.,  external  debt,  inflation,  and  unemployment)  caused  by  oil  imports  and 
price  increases.   Moreover,  the  initial  focus  on  energy-related  greenhouse  gas  emissions 
has  meant  that  less  attention  has  been  paid  to  the  emissions  of  other  sectors.  As  a 
result,  the  state  of  the  art  of  modelling  in  the  energy  field  serves  as  a  useful  indicator  of 
the  difficulties  of  representing  alternative  development  paths  in  current  models. 
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Many  econometrically  driven  "top-down"  models  of  the  whole  economy,  initially 
built  for  the  purpose  of  economic  policy  analysis,  have  usually  contained  aggregate  or 
quasi-aggregate  sectoral  demand  functions  (e.g.,  one  or  two  energy  services  or  one 
composite  food  product)  They  consequently  capture  future  development  and 
technological  trends  in  the  econometric  relationships  among  standard  econometric 
indicators.  Using  them  in  long-term  analyses  amounts  to  extrapolating  current  trends  in 
the  relationships  among  key  variables,  on  the  assumption  that  historical  changes  in  these 
relationships  capture  the  essence  of  likely  future  responses  to  changes  in  input  variables 
such  as  the  future  price  of  energy,  food,  or  wages.  Such  analysis  provides  very  useful 
"cotmterfactual"  information  on,  say,  the  aggregate  impact  of  a  carbon  tax  relative  to 
some  assumed  base  case,  but  it  does  not  have  a  very  high  predictive  value  for  the  very 
long  term  or  with  regard  to,  say,  bifurcations  in  the  transportation  sector. 

"Bottom-up"  models  have  historically  been  designed  for  the  specific  needs  of  a 
given  sector  (e.g.,  energy,  transportation,  forestry)  and  in  the  energy  field  are  sometimes 
linked  to  standard  macroeconomic  models.  They  give  a  disaggregated  picture  of  demand 
and  supply  and  point  out  potential  gains  in  efficiency  from  specific  technologies  or  the 
potential  for  substitution  of  carbon-free  technologies.   Such  models  rely  on  rather  precise 
descriptions  of  end-use  and  production  technologies  (e.g.,  appliance  penetration  and 
usage  rates,  building  heat-loss  coefficients,  toime-kilometres  of  freight  transportation), 
but  typically  do  not  contain  much  treatment  of  feedbacks  between  these  parameters  and 
underlying  economic  variables  (e.g.,  feedbacks  between  energy  efficiency  savings  and 
employment,  or  consumption  behaviour  for  other  goods  and  services).  The  lack  of 
macroeconomic  behavioural  feedbacks  means  that  such  models  are  best  suited  for  "what 
if  simulation  analyses  rather  than  prediction. 

Virtually  all  of  the  modelling  analyses  of  greenhouse  gas  mitigation  undertaken  to 
date  have  used  some  form  of  these  two  approaches  to  energy/economy  modeUing  or 
coupled  models  that  combine  them.   We  will  enter  a  more  detailed  discussion  of  the 
difference  between  these  approaches  in  Section  8.4  of  this  chapter.  The  point  here  is 
simply  that,  to  date,  neither  set  of  models  has  been  used  to  address  the  issues  of 
alternative  development  patterns  and  technological  change  that  have  just  been  identified. 
Instead,  the  models  have  been  used  to  analyze  the  effect  of  certain  policies  (typically  tax 
policies  in  the  case  of  top-down  models  and  the  implementation  of  specific  energy-using 
technologies  in  the  case  of  bottom-up  models),  given  implicit  assumptions  about 
development  paths. 

This  suggests  that  existing  mitigation  cost  studies  are  meaningful  primarily  at  the 
margin  of  a  given  development  path,  which,  in  turn,  means  that  they  are  valid  under  the 
following  conditions: 

1.         as  long  as  historical  development  patterns  and  relationships  among  key  underlying 
variables  hold  constant  for  the  projection  period  (top-down  analyses),  and 
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2.         if  there  are  no  important  feedbacks  between  the  structural  evolution  of  a 

particular  sector  in  a  mitigation  strategy  and  the  overall  development  pattern 
(bottom-up  analyses). 

8.3.3  Multiple  Baselines,  Uncertainty,  and  Long-Term  Mitigation  Costs 

The  preceding  discussion  explains  why  there  is  a  growing  consensus  among  experts  on 
the  necessity  to  work  with  multiple  baseline  scenarios  when  long-term  horizons  are  under 
consideration.  Such  scenarios  would  represent  different,  internally  consistent,  sets  of 
assumptions  concerning  the  fartors  discussed  above  rather  than  simple  variants  of  a  base 
case  generated  by  altering  the  input  parameters  of  a  given  model.  The  point  is  not  to 
predict  what  long-term  outcomes  are  most  likely  (an  exercise  at  which  few  have  been 
successful  (Ascher,  1978,  1990)  but  to  explore  the  economic  and  technical  feasibility  and 
the  costs  associated  with  quite  different  development  paths.  This  would  make  it  possible, 
for  example,  to  respond  to  the  frequent  request  for  the  generation  and  analysis  of 
"sustainable  development"  or  other  scenarios  that  represent  very  different  assumptions 
about  economic  and  technological  development  paths  and  about  "lifestyle  change"  than 
those  contained  in  traditional  analyses. 

The  limitations  of  current  methodologies  heighten  the  need  for  making  clear  the 
types  of  structural  determinant  that  are  explicitly  accounted  for  in  each  baseline  scenario 
and  those  that  are  considered  fixed.  There  is  a  need  for  more  sensitivity  testing  of 
modelling  analyses,  together  with  viability  testing  to  ensure  the  overall  consistency  of 
long-term  projected  trends,  given  financial,  political  and  institutional  constraints. 
However,  it  is  also  important  to  avoid  the  common  mistake  of  using  arguments  about  the 
inadequacies  of  existing  models  to  project  wishful  thinking  about  future  development 
options  and  mitigation  strategies. 

Beyond  these  technical  difficulties  we  would  like  to  emphasize  two  major  issues 
stemming  from  the  existence  of  several  baseline  scenarios.  These  are  covered  in  the 
following  two  sections. 

8.3.3.1  Multiple  Baselines  and  the  Noncomparability  of  Cost  Assessments 

Given  that  contrasted  underlying  assumptions  about  development  patterns  can  give  rise 
to  a  number  of  quite  different  types  and  levels  of  greenhouse  gas  emissionsas  well  as  a 
number  of  mitigation  costs  and  potentials,  a  comparison  between  cost  assessments 
theoretically  requires  an  evaluation  of  baseline  and  mitigation  scenario  assumptions, 
including  technology  data.^^   Such  an  evaluation  should  identify  key  determinants  and 
assumptions  behind  the  cost  estimates  in  order  to  explain  differences.   Without  a 
comprehensive  and  transparent  documentation  of  the  full  set  of  scenario  assumptions, 
any  comparison  of  cost  estimates  coming  from  studies  with  very  different  baseline 
scenarios,  will  be  misleading.  For  example,  a  mitigation  scenario  derived  from  baseline 
assumptions  that  incorporate  substantial  air  quality  improvements  for  reasons  unrelated 
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to  climate  change  is  likely  to  give  rise  to  greenhouse  gas  mitigation  cost  estimates  that 
are  higher  per  unit  of  reduction  than  a  mitigation  scenario  derived  from  baseline 
assumptions  without  such  improvements.^  Similarly,  mitigation  cost  estimates  would 
vary  depending  on  the  transportation  infrastructure  assumed  in  the  baseline  scenario. 

Moreover,  given  the  difficulties  of  incorporating  the  feedbacks  between 
development  patterns  and  economic  variables  discussed  above,  a  baseline  scenario  that 
gives  rise  to  lower  estimates  of  mitigation  costs  caimot  be  interpreted  as  being 
economically  superior  to  other  baselines.  Such  lower  cost  estimates  simply  mean  that 
the  incremental  costs  of  mitigation  relative  to  that  baseline  are  lower  than  the 
incremental  costs  relative  to  some  other  baseline.  However,  this  leaves  unanswered  the 
question  of  the  relative  costs  (e.g.,  transaction  or  political  costs)  of  achieving  these 
different  baseline  scenarios.   Since  different  baselines  represent  different  development 
paths,  each  of  which  is  potentially  an  "efficient"  scenario,  they  cannot  be  directly 
compared  and  no  overall  relative  cost  assessment  is  possible.  Two  historical  examples 
help  to  illustrate  that  this  problem  is  far  from  being  a  simple  intellectual  fancy. 

If  the  climate  debate  had  emerged  in  1973,  just  before  the  decision  to  launch  the 
nuclear  programme  in  France,  any  assessment  of  mitigation  costs  should  have  considered 
two  possible  baseline  scenarios.  The  first  would  have  excluded  the  nuclear  programme 
and,  consequently,  would  have  had  a  higher  COj  emission  level.   In  this  case,  the  cost  of 
the  nuclear  programme  could  have  been  included  in  the  mitigation  costs.  The  second 
would  have  included  the  nuclear  programme,  and,  as  a  result,  emissions  and  mitigation 
requirements  would  have  been  lower.   Paradoxically,  however,  the  costs  of  an 
incremental  emission  reduction  of,  say,  20%  would  have  been  far  higher. 

Beyond  the  fact  that  assessing  the  relative  costs  of  two  totally  different  energy 
systems  is  technically  difficult  (for  example,  in  the  non-nuclear  case  France  would  not 
have  developed  electrical  heating  to  the  degree  it  did),  the  critical  point  is  that  the 
nuclear  choice  would  not  have  been  made,  in  practice,  purely  for  climate-related  reasons, 
but   in  any  negotiation  the  French  administration  would  have  tended  to  argue  the 
contrary  so  that  this  programme  could  have  been  considered  a  specific  contribution  to  a 
collective  climate  policy. 

Turning  to  the  second  example,  baseline  and  mitigation  scenarios  for  Brazil  differ 
considerably,  depending  upon  assumptions  about  the  future  of  the  country's  biomass 
ethanol  programme.   Even  though  no  environmental  factors  were  taken  into  account  to 
justify  it  when  it  was  first  implemented  in  1975,  the  existence  of  this  programme  can  be 
shown  to  lead  to  both  a  lower  emission  baseline  and  lower  mitigation  costs.   So  far, 
many  questions  are  still  pending  with  regard  to  the  overall  costs  and  benefits  of  this 
programme  in  terms  of  macroeconomic  impacts,  distributional  effects,  refining  structure 
of  oil,  and  innovation,  and  until  these  are  answered  it  is  difficult  to  project  the  likely 
future  of  the  programme.   Furthermore,  the  choice  of  a  baseline  with  or  without  the 
ethanol  programme  would  entail  many  types  of  transaction  and  political  costs  and  would 
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have  many  external  effects,  all  of  which  are  very  hard  to  assess. 

In  both  cases,  the  best  analytical  strategy  is  to  recognize  that  different  baselines 
are  possible  and  that  any  mitigation  cost  estimates  are  only  relevant  at  the  margin  of 
each  baseline  and  not  in  absolute  terms. 

8.3.3.2  The  Meaning  of  the  Baseline 

The  function  of  baseline  scenarios  in  cost  studies  is  to  provide  a  basis  of  comparison  for 
calculating  mitigation  costs.  It  is  important  to  bear  in  mind  that  such  baselines  pose  a 
somewhat  artificial  distinction  between  a  notional  "business-as-usual"  case  (i.e.,  what 
would  happen  if  no  mitigation  policies  were  instituted)  and  a  "policy  intervention"  case 
(what  would  happen  if  they  were).   Although  such  a  procedure  is  required  to  obtain  a 
basis  of  comparison  and  thus  an  estimate  of  the  costs  of  intervention,  in  principle  it  does 
not  imply  anything  about  the  likelihood  or  relative  economic  efficiency  of  the  baseline 
compared  to  the  intervention  case. 

A  similar  problem  emerges  with  respect  to  the  conventional  distinction  between 
adaptation  to,  and  mitigation  of,  climate  change.  In  the  short  term,  the  meaning  of  that 
distinction  is  clear:  mitigation  means  reducing  sources  of  emissions  and/or  increasing 
sinks  (i.e.,  reducing  the  causes  of  climate  change),  while  adaptation  means  improving  our 
capability  to  withstand  changes  in  the  global  climate  system  (i.e.,  responding  to  the 
effects  of  climate  change).   In  the  longer  term,  however,  the  distinction  between 
mitigation  and  adaptation  begins  to  blur.  Not  only  will  measures  adopted  to  serve  one 
goal  have  significant  consequences  for  the  other  (e.g.,  some  energy  efficiency  measures 
adopted  to  reduce  emissions  may  make  energy  systems  more  resilient  to  climate 
variability)  but  many  policies  adopted  for  other  reasons  will  have  both  adaptive  and 
mitigative  effects  (e.g.,  urban  planning  decisions). 

Indeed,  in  the  long  term,  both  "mitigation"  and  "adaptation"  measures  are  part  of 
the  adaptive  responses  of  societies  to  a  whole  host  of  conditions  and  perceived  problems, 
only  a  small  number  of  which  have  to  do  with  climate  change.  From  this  point  of  view, 
the  distinction  between  baseline  and  intervention  scenarios  is  particularly  artificial. 
Their  importance  lies  in  the  difference  between  them,  not  in  the  plausibility  or  likelihood 
of  either  as  a  forecast. 


8.4  Differences  among  Models  and  their  Results 

8.4.1  General  Methodological  Considerations 

We  have  suggested  that  existing  models  do  not  generally  address  questions  of  alternative 
paths  of  technological  development  in  an  effective  way.   Yet  even  without  the  variation 
that  consideration  of  such  factors  might  be  expected  to  induce,  the  range  of  results  in 
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greenhouse  gas  mitigation  costing  studies  is  very  large.  It  is  difficult  to  disentangle  the 
various  reasons  for  these  disparities  in  modelling  results,  given  the  diversity  of  tools  used 
to  calculate  cost  estimates,  the  many  and  varied  assumptions  employed,  and  the 
disparities  in  the  geographical  coverage  of  different  studies. 

Historically  the  debate  in  the  energy  field  has  been  framed  by  the  distinction 
between  "top-down"  and  "bottom-up"  studies,  a  distinction  that  can  be  applied  in  other 
fields  as  well.  Basically,  top-down  models  analyze  aggregated  behaviours  based  on 
economic  indices  Of  prices  and  elasticities.  These  models  began  mainly  as 
macroeconomic  models  that  tried  to  capture  the  overcdl  economic  impact  of  a  climate 
policy,  which,  because  of  the  difficulty  of  assessing  other  types  of  policy  instruments,  was 
usually  in  the  form  of  a  carbon  tax  or,  more  rarely,  tradable  permits.  Bottom-up  models, 
on  the  other  hand,  rely  on  the  detailed  analysis  of  technical  potential,  focusing  on  the 
integration  of  technology  costs  and  performance  data. 

In  fact,  as  suggested  above,  not  all  models  fall  neatly  into  one  of  these  two 
categories  and  several  "hybrid  models"  are  now  available  in  which  analysts  have 
attempted  to  merge  top-down  and  bottom-up  model  characteristics.  As  a  result, 
differences  in  findings  are  increasingly  the  effect  of  differences  in  input  assumptions 
rather  than  differences  in  model  structure.  However,  the  discussion  in  this  text  will 
maintain  the  dichotomy  between  these  models  to  the  extent  that  this  distinction  remains 
meaningful  for  understanding  some  critical  policy  issues. 

The  top-down/bottom-up  categorization  has  been  portrayed  as  opposing  the 
optimism  of  the  "engineering  paradigm"  to  the  pessimism  of  the  "economic  paradigm" 
(Grubb  et  al.,  1993).   From  an  engineering  standpoint  the  evidence  is  that  the  best 
available  technologies  have  not  been  adopted  so  far;  this  "efficiency  gap"  is  the  gap 
between  the  energy  efficiency  of  equipment  actually  chosen  by  consumers  and  the  energy 
efficiency  of  the  technology  that  could  theoretically  minimize  the  costs  entailed  in 
providing  a  given  amount  of  energy  service.   Bottom-up  models  are  able  to  demonstrate 
the  existence  of  such  an  "efficiency  gap"  and  thus  they  suggest  that,  thanks  to  "negative 
cost  measures,"  substantial  emission  reductions  could  be  achieved  with  low  taxes  and  low 
costs  or  even  net  savings. 

In  response,  the  professional  reflex  of  many  economists  has  been  to  call  attention 
to  the  reasons  why  consumers  do  not  adopt  technologies  that  appear  to  be  optimal,  and 
to  suggest  that  accounting  for  these  reasons,  together  with  the  economic  feedbacks  of  a 
given  policy,  would  reduce  the  magnitude  of,  or  eliminate,  the  efficiency  gap  that  is 
aaually  achievable.  Top-down  macroeconomic  models  concluded,  at  least  in  early 
analyses,  that  relatively  large  carbon  taxes  resulting  in  significant  economic  costs  would 
be  required  to  counter  current  emission  trends. 

The  methodological  difficulties  lying  behind  these  differences  revolve  around  how 
to  describe  the  processes  of  technology  adoption,  the  decision-making  behaviour  of 
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economic  agents,  and  the  feedbacks  between  any  public  policy  measures  and  the  overall 
economy,  and  how  markets  and  economic  institutions  actually  operate  over  a  given 
period  of  time.  From  this  viewpoint  the  opposition  between  top-down  and  bottom-up 
methodologies  does  not  fully  represent  the  whole  spectrum  of  critical  issues.  That  is 
why,  before  discussing  the  lessons  of  the  top-down  and  bottom-up  debate,  we  will  sketch 
the  dimensions  of  a  typology  of  existing  models.   Given  the  prominence  of 
energy /economy  models  in  the  field,  we  will  concentrate  upon  them.  However,  many  of 
the  methodological  issues  are  quite  general  and  similar  arguments  could  be  appUed  to 
models  of  other  sectors,  such  as  forestry. 

8.4.2  Critical  dimensions  of  a  typology  of  existing  models 

Various  attempts  have  been  made  to  categorize  the  large  variety  of  models  that  have 
been  used  to  analyse  the  costs  of  reducing  greenhouse  gas  emissions".  Instead  of 
providing  a  new  and  necessarily  arbitrary  typology,  we  will  try  here  to  provide  a 
description  of  the  main  characteristics  that  differentiate  these  models,  in  order  to  make 
clear  what  each  type  of  model  describes  and  what  kind  of  policy  question  it  can  best 
address.  In  order  to  accomplish  this,  we  will  focus  on  those  characteristics  that  have  to 
do  with  the  purposes  of  the  models  (i.e.,  the  questions  they  are  meant  to  address),  their 
structure  (i.e.,  those  assumptions  that  are  embedded  in  the  equation  system),  and  their 
external  assumptions  (i.e.,  assumptions  expressed  in  terms  of  inputs  to  the  models). 
Because  few,  if  any,  individual  models  represent  pure  types  within  these  categories,  we 
have  not  referenced  specific  models.   Instead  the  goal  here  is  to  provide  a  general 
frameworJc  to  aid  in  interpretation  of  the  specific  modelling  results  presented  in  Chapter 
9. 


8.4.2.1  Diversity  of  models,  diversity  of  purposes 

Significant  misinterpretations  of  the  results  of  modelling  studies  can  arise  from 
overlooking  the  purpose  of  the  analysis  they  were  used  for.  The  meam"ng  of  the 
numerical  results  of  a  model  will  differ  depending  upon  whether  a  given  scenario  is  used 
to  predict  (forecast)  the  future,  to  explore  it,  or  as  a  tool  for  "backcasting"  exercises. 

Many  models  are  used  to  try  to  "predict"  the  future  and  to  provide  an  estimate  of 
the  most  likely  set  of  future  events.  This  purpose  imposes  very  strict  methodological 
constraints  on  the  modeller.   He  or  she  must  produce  a  base  case  forecast,  which 
amoimts  to  a  best-guess  projection  of  the  most  likely  future;  to  do  this  requires  an 
endogenous  representation  of  economic  behaviour  and  general  growth  patterns.  This 
type  of  predictive  exercise  attempts  to  extrapolate  the  interactions  of  historical  trends 
into  the  future,  with  a  minimum  of  exogenous  parameters.  This  approach  has  been 
typical  of  government  and  sectoral  forecasting  activiues  (e.g.,  in  energy,  transport,  zuid 
heavy  industries  such  as  steel)  and  early  climate  change  scenario  analyses.   It  remains 
both  necessary  and  convenient  for  analyzing  the  short-term  impacts  of  climate  policies, 
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since  a  number  of  critical  underlying  development  variables  can  reasonably  be  assumed 
to  remain  constant  for  these  time  periods.   Most  short-term,  econometricaJly  driven 
macroeconomic  models  adopt  this  approach.  For  the  long-term  (middle  of  the  next 
century),  the  Jorgenson-Wilcoxen,  McKibbin-Wilcoxen,  and  Goulder  models  are  the  only 
models  that  can  be  classified  in  this  category.   It  is  noteworthy  that  none  of  these  models 
tries  to  work  on  the  basis  of  forecasts  of  explicit  technological  trends  in  the  engineering 
sense. 

Because  of  the  difficulty  of  extrapolating  past  trends  over  the  long  run,  the 
purpose  of  some  modellers  is  to  "explore"  the  future  rather  than  to  predict  it  and,  in  so 
doing,  to  provide  potentially  counterintuitive  assessments.  This  leads  to  a  scenario 
analysis  approach,  which  involves  building  up  different  coherent  visions  of  the  future 
(each  of  which,  of  course,  can  undergo  sensitivity  testing)  based  on  different  values  for 
key  assumptions  about  economic  behaviour,  physical  resource  endowments,  or  technical 
progress,  together  with  assumptions  about  economic  or  population  growth.  The  first  step 
in  such  analyses  is  the  generation  of  a  "reference"  or  "nonintervention"  scenario.  This  is 
then  contrasted  with  alternative  cases  involving  an  array  of  policy  measures,  such  as 
carbon  taxes  or  energy  efficiency  regulations,  giving  rise  to  one  or  several  "policy"  or 
"intervention"  scenarios,  but  the  policy  analysis  is  relevant  only  in  the  context  of  each 
baseline  scenario.  This  approach  is  increasingly  used  for  climate  change  analysis  and  was 
the  basis  for  the  1992  IPCC  scenarios  (Legget,  et  al.,  1992).   It  is  shared  by  both  bottom- 
up  and  top-down  models"  and  indeed  tends  to  favour  the  development  of  hybrid 
models  (which  will  be  discussed  at  greater  length  below).   In  terms  of  representing  and 
simulating  the  behaviour  of  economic  agents,  two  methodologies  predominate.   One 
involves  an  assumption  of  least-cost  optimization,  in  which  society  maximizes  the  utility 
of  consumption  over  the  long  run.  The  other  involves  the  effort  to  simulate  real  world 
behaviour  predictively  in  terms  of  technology  adoption. 

Finally,  another  possible  purpose  of  models  is  to  assess  the  feasibility  of  alternative 
futures,  often  defined  in  terms  of  desirability  rather  than  likelihood.  TTiis  contrasts  with 
the  two  previous  approaches,  insofar  as  it  involves  the  development  of  a  vision  of  a 
future  state  of  the  system  being  studied  and  then  an  analysis  of  how  that  future  system 
might  be  realized.  This  "backcasting"  methodology^  allows  for  identification  of  major 
changes  as  well  as  discontinuities  in  present  trends  that  might  be  required  if  a  desirable 
future  is  to  be  attained  (Robinson,  1988,  1990).  Two  types  of  research  can  be  carried 
out  in  this  approach.   Most  studies  involve  normative  scenarios  about  desired  futures. 
Many  alternative  energy  studies,  for  example,  belong  to  this  category.   But  it  is  also 
possible  to  use  a  backcasting  methodology  as  a  purely  analytical  tool  by  simply  linking 
bottom-up  analyses  about  the  long-term  evolution  of  technology  and  development 
patterns  to  a  macroeconomic  framework  (Hourcade,  1993)  so  as  to  be  able  to  assess  the 
economic  consistency  of  different  and  competing  views  about  the  long  run.^* 

These  three  different  purposes  have  implications  for  the  types  of  models  that  are 
required,  the  analytical  questions  being  asked,  and  the  meaning  of  the  results.  As 
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discussed  in  section  S32.1  above,  there  has  been  a  historical  correlation  between 
attempts  to  move  away  from  predictive  modelling  approaches  and  the  early  development 
of  bottom-up  models;  these  models  were  in  many  cases  built  precisely  in  order  to 
undertake  simulation  and  backcasting  analyses  not  possible  with  the  current  generation 
of  top-down  models  (Baumgartner  and  Middtun,  1987;  Robinson,  1982).  The  greatest 
emphasis  in  current  cliniate  modelling  efforts  is  on  "exploratory"  analyses,  using  a 
combination  of  top-down  and  bottom-up  methods,  but  there  continues  also  to  be  interest 
in  "backcasting"  analyses  aimed  at  exploring  quite  different  future  scenarios  than  would 
otherwise  be  examined  (FRN,  1987;  Goldemberg,  et  al.,  1988;  Jager,  et  al.,  1991; 
Rothmzm  and  Coppock,  forthcoming  1996;  Robinson,  forthcoming  1996). 

8.4.12  The  Structure  of  Existing  Models 

A  second  basis  for  distinguishing  among  different  models  is  the  nature  of  the  model  itself 
(i.e.,  those  assumptions  that  are  embedded  in  the  mathematical  structure  of  the  model). 
At  a  very  generzd  level,  it  is  possible  to  characterize  some  of  the  main  structural 
differences  among  existing  energy  and  emissions  models  in  terms  of  four  main 
dimensions.  This  description  abstracts  from  a  number  of  more  detailed  distinctions 
among  models  but  captures  the  points  that  differentiate  the  models  in  a  way  that  helps 
to  show  the  connection  between  model  structure  and  policy  questions  (see  the  next 
section  for  a  more  detailed  discussion  in  the  context  of  the  top-down/bottom-up 
modelling  debate).  These  four  dimensions,  and  some  of  the  related  policy  questions,  are 
sketched  in  Table  8.1  for  energy/economy  models.  An  equivalent  typology  could  be 
applied  to.  models  focusing  on  other  sectors  (e.g.,  forestry). 


(Table  8.1] 

Each  of  the  four  structural  characteristics  shown  in  Table  8.1  represents  a  spectnim  from 
more  to  less,  and  individual  models  can  be  located  on  that  spectrum  for  each  dimension. 
This  means  that  individual  models  are  more  or  less  suited  to  answering  particular  policy 
questions,  depending  on  where  they  are  located  on  the  spectrum  for  each  dimension. 
Traditionally,  top-down  models  have  represented  one  end  of  the  spectrum  on  each  of 
these  dimensions,  and  bottom-up  models  the  other,  as  illustrated  in  Table  8.2. 


[Table  8.2] 


It  is  clear  from  Table  8.2  that  the  early  top-down  and  bottom-up  models  represented 
virtual  mirror  images  of  each  other,  with  respect  to  the  four  characteristics  shown  in 
Table  8.1.   Bottom-up  models  tended  to  describe  the  energy  system  in  great  detail,  with 
little  endogenization  of  behaviour  or  description  of  other  parts  of  the  economy.  Top- 
down  models  tended  to  have  very  little  detail  on  the  energy  sector  but  explicit  treatment 
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of  behaviour  and  larger  economic  relationships.   As  suggested  in  the  previous  section, 
these  characteristics  led  to  each  type  of  model  being  most  useful  at  answering  somewhat 
different  questions.  Bottom-up  models  were  better  at  simulating  detailed  technological 
substitution  potentials  ("exploration"),  and  top-down  models  were  better  at  predicting 
wider  economic  effects  ("prediction"). 

Table  8.2  also  shows  that  this  simple  characterization  of  the  differences  between 
top-down  and  bottom-up  approaches  is  increasingly  misleading,  as  more  recent  versions 
of  each  approach  have  tended  to  move  in  the  direction  of  greater  detail  in  those 
dimensions  that  were  relatively  less  developed  in  the  past.  This  is  possible  because  the 
four  dimensions  shown  in  Table  8.1  are  independent  of  each  other.  Thus  any  particular 
model  can  be  located  at  virtually  any  point  on  the  spectrum  represented  by  each 
dimension.   It  is  this  independence  of  these  key  structural  characteristics  that  makes  it  so 
hard  to  classify  the  large  population  of  existing  models  on  any  single  spectrum,  whether 
bottom-up  to  top-down,  or  any  other.   Instead  we  increasingly  have  a  wide  range  of 
models,  which,  in  terms  of  their  structure,  occupy  different  places  on  each  of  the  four 
dimensions  shown  here.  Thus,  while  the  differences  represented  by  these  four 
dimensions  remain  important,  no  simple  classification  scheme  is  adequate. 

Tables  8.1  and  8.2  describe  the  differences  among  different  types  of  models  in 
very  general  terms.   Coming  closer  to  the  structure  of  actual  models,  we  can  distinguish 
several  kinds  of  modelling  procedures. 

Among  bottom-up  models  two  approaches  are  usually  distinguished:  (1) 
spreadsheet  models  that  resolve  a  simultaneous  set  of  equations  to  describe  the  way  a 
given  set  of  technologies  is  (or  could  be)  met  throughout  the  economy;  and  (2) 
simulation  or  optimization  models,  which  simulate  investment  decisions  endogenously. 
Each  of  these  two  approacnes  can  be  used  in  two  different  ways:  prescriptively  or 
descriptively. 

A  prescriptive  model  examines  the  effect  of  acquiring  only  the  most  efficient 
technologies  available  or  of  minimizing  explicit  costs  for  a  given  service  at  a  system  level 
(e.g.,  electric  supply,  urban  transportation,  orpand  use).   A  descriptive  model,  in  contrast, 
would  try  to  estimate  the  technology  mix  that  would  result  from  actual  decisions,  based 
on  factors  such  as  more  complex  preferences  (people  preferring  private  cars  even  if  the 
cost  per  kilometre  is  higher  than  railway  transportation),  intangible  costs  (differences  in 
cost  of  acquisition  of  technologies),  capital  constraints,  attitudes  to  risk  (via  higher 
discount  rates  for  some  agents)  and  uncertainty  (actual  performance  of  new 
technologies),  or  any  kind  of  market  barriers.   Such  analyses  will  typically  tend  to  be  less 
optimistic  than  prescriptive  studies  about  mitigation,  unless  appropriate  policies  are 
assumed  to  remove  existing  barriers  to  the  adoption  of  the  best  available  technologies. 
Considerable  disagreement  now  exists  in  the  literature  about  the  potential  for  such 
policies. 
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Top-down  models  resort  to  two  main  methodologies:  (i)  neo-Keynesian 
macroeconomic  models,  and  (ii)  computable  general  equilibrium  models  and  models 
simulating  very  long  term  growth  paths.  Each  of  these  approaches  can  be  coupled  to 
process  energy  models. 

Neo-Keynesian  macroeconomic  models  incorporate  econometrically  estimated  sets 
of  equations  that  trace  the  short-  and  middle-run  dynamics  of  the  national  economic 
aggregates  and  related  components  of  economic  activity  (labour,  savings,  consumption). 
They  usually  simulate  aggregate  potential  output  as  a  ftmction  of  aggregate  inputs  of 
capital  and  labour,  and  some  of  them  include  energy  and  materials  as  production  factors. 
They  use  input-output  tables  to  describe  the  transactions  among  economic  sectors  and 
lag  equations  to  model  inertia  in  the  adjustment  processes  and  allow  for  unemployment 
in  the  short  run  in  response  to  shocks.  Some  of  them  also  allow  for  structural 
unemployment  due  to  inadequate  demand  for  labour  in  the  long  run.  The  fact  that  they 
assume  a  nonperfect  equilibrium  economy  explains,  as  will  be  seen  in  Chapter  9,  why 
there  is  a  gap  between  their  findings  in  the  case  of  nonrecycling  or  lump-sum  recycling  of 
tax  revenues  (which  show  high  costs)  and  their  findings  in  the  case  of  efficient  recycling 
(some  of  which  show  an  overall  economic  benefit  from  a  carbon  tax).  For  longer  time 
periods,  they  fail  to  account  for  the  effects  of  intertemporal  preferences  and  expectations 
and  capture  technical  change  in  a  rather  static  fashion. 

Computable  general  equilibrium  (CGE)  models  or  optimal  growth  models  (for 
the  very  long  term)  focus  mainly  on  a  long-term  analysis  of  the  effect  of  climate  policies 
in  the  period  after  adjustment  of  the  economy  to  short-term  effects.  They  rely  on  a 
resource  allocation  principle  (maximization  of  utility  and  cost  minimization)  and  a 
market  clearing  mechanism  for  all  goods  (which  functions  by  equating  prices  with 
marginal  costs).  The  dynamics  of  these  models  are  produced  by  capital  accumulation 
and/or  by  the  exogenous  growth  of  the  fac'ors  of  production  and  of  productivity.   In 
contrast  to  the  neo-Keynesian  models,  they  do  not  rely  systematically  on  econometric 
relationships.  They  are,  instead,  frequently  benchmarked  on  a  given  year  in  order  to 
guarantee  the  consistency  of  the  parameters.  TTiis  allows  for  a  greater  flexibility  in  using 
information  coming  from  other  models  (or  expert  judgments)  about  possible  shifts  in 
current  trends  (technological  breakthroughs,  for  example)  that  would  not  be  picked  up  in 
econometric  relationships  but  that  would  be  dangerous  to  neglect  when  very  long  time 
periods  are  being  examined. 

Given  an  exogenous  perturbation  such  as  a  change  in  the  tax  system,  CGE  models 
produce  a  price-dependent  general  equilibrium  response  due  to  the  behaviour  of 
economic  agents.  This  has  two  impacts  on  cost  assessments.  First,  because  of  their 
formal  structure,  these  models  calculate  a  new  equilibrium  but  do  not  provide  an 
accurate  picture  of  the  time  path  toward  this  equilibrium;  they  tend  as  a  result  to 
understate  transition  costs.   Second,  because  they  rely  on  a  perfect  market  equilibrium 
assumption,  they  do  not  allow  for  structural  unemployment  over  the  long  run  and  in  this 
and  other  ways  reduce  the  room  for  economic  double  dividends. 
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8.4.2.3  The  Role  of  Key  Input  Assumptions 


A  third  factor  that  is  important  to  consider  in  evaluating  the  meaning  of  the  specific 
modelHng  studies  is  the  nature  and  value  of  the  assumptions  that  make  up  the  external 
inputs  to  those  models.  Changes  in  the  values  of  these  assumptions  will  have  a 
significant  impact  on  the  results  of  the  study. 

The  distinction  between  input  assumptions  and  assumptions  embedded  in  the 
structure  of  the  models  changes  as  models  evolve  and  incorporate  more  assumptions  in 
the  model  structure.  Moreover,  input  assumptions  can  be  based  upon  implicit  mental 
models  of  the  way  the  world  works  that  have  not  yet  been  formalized  in  explicit  terms 
and  that  may  or  may  not  be  consistent  with  the  formal  model.  For  example,  assumptions 
about  the  cost  and  availability  of  biomass  energy  supplies  in  the  future  imply  certain 
assumptions  about  future  land  use  that  may  or  may  not  be  consistent  with  the  rest  of  the 
analysis. 


The  assumptions  listed  in  Table  8.3  represent  assumptions  that 
findings  regarding  costs  of  GHG  mitigation. 


are  important  for  any 


[Table  8.3] 


8.4.3  The  Top-Down  Down  versus  Bottom-Up  Modelling  Controversy:  Some  Lessons  from 
the  Energy  Field  % 

As  discussed  earlier,  many  recent  analyses  incorporate  features  of  both  bottom-up  and 
top-down  models,  and  consequently  the  distinction  between  these  two  approaches  is 
becoming  blurred.   Despite  this  convergence,  we  have  reported  the  results  of  costing 
studies  separately  in  Chapter  9  for  bottom-up  and  for  top-down  analyses.  We  therefore 
turn  here  to  a  discussion  of  the  bottom-up/top-down  controversy.  There  are  several 
reasons  for  thisdoing  SO.   First,  the  prevalence  of  this  modelling  dichotomy  in  the  energy 
field  (most  studies  in  other  fields  are  bottom-up)  means  that  the  bulk  of  studies  reviewed 
in  Chapter  9  fall  naturally  into  these  two  camps.   Second,  the  differences  between  the 
results  that  emerged  from  these  two  approaches  -  the  bottom-up  models  tended  to 
suggest  that  the  costs  of  greenhouse  gas  mitigation  might  be  low  to  negative  and  top- 
down  models  tended  to  suggest  the  opposite  -  has  led  to  a  significant  level  of  controversy 
organized  around  this  distinction.   Finally,  the  fundamental  questions  raised  by  these 
differences  in  approach  need  to  be  understood  if  the  results  of  these  studies  are  not  be 
misinterpreted.   Such  questions  also  raise  important  policy  issues  that  are  relevant 
beyond  the  energy  field. 
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The  terms  "top"  and  "bottom,"  in  the  usual  jargon  of  the  economic  modeller,  are 
commonly  linked  to  the  distinction  between  aggregate  models  and  disaggregated  models. 
The  top-down  label  is  derived  from  the  way  in  which  the  first  developers  of  these  models 
applied  econometric  techniques  (i.e.,  statistical  analyses  of  past  trends)  to  historical  data 
on  consumption,  prices,  and  incomes  to  estimate  price  and  income  elasticities  for  final 
demand  goods  and  services  such  as  energy,  transportation,  food,  and  industrial  products. 
These  aggregate  models  were  criticized  for  not  providing  a  complex  enough  description 
of  the  determinants  imderlying  sectoral  demand  dynamics.   Simulation-oriented 
technico-economic  models  were  then  developed  in  order  to  explore  the  potential  for  a 
possible  decoupling  of  energy  demand  from  economic  growth.  This  required  "bottom-up" 
or  disaggregated  analysis  of  technical  alternatives  and  demand  for  specific  services. 

In  fact,  many  macroeconomic  models  are  also  very  detailed,  but  not  in  the  same 
way  as  bottom-up  models:  they  account  for  economic  activities  at  a  two-digit  SIC  level^' 
and  can  break  down  consumer  demands  into  many  household  types.   In  many  models  the 
so-called  aggregate  demand  functions  of  consumer  expenditure  are  constructed  by 
summing  "individual  demand  functions,"  which  allows  for  testing  the  income  distribution 
effects  of  various  types  of  climate  change  policies. 

A  second  methodological  distinction,  partly  correlated  with  but  not  identical  to 
the  aggregation  level,  is  the  degree  to  which  behaviours  are  endogenized  in  the  model 
equations  (i.e.,  predicted  by  the  model)  and  extrapolated  over  the  long  run.   Because 
econometric  relationships  among  aggregated  variables  are  generally  more  reliable  than 
among  disaggregated  variables,  and  the  behaviour  of  the  model  is  more  stable  with  such 
variables,  it  is  common  to  adopt  higher  levels  of  aggregation  (2-10  goods  and  services)  in 
top-down  econometric  models  to  make  ihem  more  robust  over  longer  time  periods.  This 
means  that,  with  a  few  notable  exceptions,  as  longer  time  periods  are  under 
consideration,  the  aggregation  gap  between  top-down  and  bottom-up  models  tends  to 
inaease. 

Top-down  models  attempt  to  examine  a  broad  equilibrium  framework,  which 
means  that  they  are  interested  in  feedbacks  between  the  energy  system  and  other  sectors 
of  the  economy,  between  all  sectors  of  the  economy  and  the  macroeconomic 
performance  of  the  economy,  between  national  energy  markets  and  global  energy 
markets,  and,  in  some  cases,  between  the  national  economy  and  the  global  economy. 
Given  all  of  these  feedbacks,  early  top-down  models  generally  included  little  detail  of  the 
energy-consuming  side  of  the  economy,  especially  at  a  technology-specific  level.   In 
contrast,  bottom-up  models  attempt  to  examine  in  detail  the  technological  options, 
especially  on  the  energy-consuming  side  of  the  economy.  This  detailed  representation  of 
different  energy  end  uses  and  the  technologies  serving  those  end  uses  generally  meant 
that  larger  feedbacks  were  ignored.  In  a  sense,  bottom-up  models  hold  a  magnifying 
glass  up  to  the  energy  demand  side  of  the  economy,  and  other  connections  and 
feedbacks  tend  to  be  obscured  or  lost  from  the  picture. 
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Another  way  to  look  at  the  difference  between  these  approaches  is  by  returning  to 
the  first  three  types  of  mitigation  costs  introduced  in  Section  8.2.2.   We  can  say  that  top- 
down  models  focus  on  financial  flows  across  the  whole  economy  and  provide  rather 
sophisticated  analytical  tools  at  this  level,  while  sectoral  models,  which  have  tended  also 
to  be  top-down  but  sometimes  with  fairly  detailed  representation  of  technology,  focus  on 
the  market  dynamics  stemming  from  a  given  industrial  structure  but  with  little 
consideration  devoted  to  overall  feedbacks  with  the  rest  of  the  economy.  Finally, 
bottom-up  models  focus  on  the  technical  margins  of  freedom  likely  to  be  evident  at  a 
microeconomic  level  and  provide  a  detailed  analysis  of  the  technical  and  economic 
dimensions  of  specific  policy  options.  Historically,  this  difference  in  focus  has  led  to 
significant  differences  in  results,  as  the  larger  economic  feedback  loops  originally 
examined  in  top-down  models  (higher  production  costs,  lower  investments  in  nonenergy 
sectors)  tended  to  increase  the  macroeconomic  costs  of  emission  reductions  relative  to 
bottom-up  results.   More  recently,  other  feedbacks  that  tend  to  reduce  overall  costs 
(efficient  tax  recycling)  have  been  examined  in  top-down  analyses,  while  bottom-up 
methods  have  increasingly  incorporated  detailed  examination  of  the  behavioural 
dimensions  of  the  policy  options  examined.  The  effect  of  these  developments  has  been 
to  narrow  the  range  of  difference  in  mitigation  costs  between  these  two  approaches. 

But,  behind  this  difference  in  the  level  of  aggregation,  lie  two  different  ways  of 
representing  technology.   One  side  tries  to  capture  technology  in  the  engineering  sense:  a 
given  technique  (coke  oven  steel  versus  electric-arc  steel,  an  incandescent  light  bulb 
versus  a  fluorescent  light  bulb)  with  a  given  technical  performance  at  a  given  direct  cost. 
On  the  other  side,  the   technology  term   in  macroeconomic  models,  whatever  their  level 
of  desegregation  [disaggregation?],  is  represented  by  the  share  of  the  purchase  of  a 
given  input  in  intermediate  consumption  (e.g.,  steel  products  to  make  cars  )  and  by  the 
allocation  of  the  sales  revenue  among  the  cost  of  intermediary  inputs,  returns  to  labour, 
and  returns  to  capital.  These  shares  constitute  the  basic  ingredients  of  the  economic 
description  of  a  technology  in  which,  depending  upon  the  choice  of  production  function, 
the  share  elasticities  represent  the  degree  of  substitutability  among  inputs. 

This  characterization  of  technology  makes  it  difficult  to  establish  explicit  links 
between  production  functions  in  economic  models,  on  the  one  hand,  and  technology 
projections,  on  the  other.  For  example,  there  is  a  gap  between  the  findings  of  Jorgenson 
(1984)  and  Hogan  and  Jorgenson  (1990)  with  respect  to  the  negative  correlation  between 
technological  change  and  energy  prices  in  the  U.S.   economy  and  the  observation  of 
accelerated  innovations  at  a  technical  level.  The  reason  is  that  that  technological 
innovation  can  have  two  different  meanings.   For  an  engineer,  it  implies  increased 
technical  efficiency  and  therefore  greater  productivity.   For  an  economist,  however, 
productivity  growth  is  correlated  with  many  other  factors  than  mere  technology 
characteristics;  a  depressed  demand  or  growing  uncertainties  can  result  in  lower 
economic  productivity,  even  if  the  technical  efficiency  of  equipment  is  very  high. 
Consequently,  both  descriptions  can  be  internally  consistent,  but  each  may  represent  a 
different  definition  of  technological  change.   Put  another  way,  both  descriptions  of 
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technological  change  make  sense,  but  each  captures  a  different  aspect  of  that  change. 

Bearing  in  mind  these  fundamental  differences  in  approach,  it  is  clear  that  there 
is  no  a  priori  reason  that  the  two  modelling  approaches  must  give  different  results.  Top- 
down  models  account  for  the  technological  changes  so  valued  by  bottom-up  analysis  via 
two  parameters:  (1)  the  autonomous  energy  efficiency  index  (AEEI),  and  (2)  the 
elasticity  of  substitution  between  the  aggregate  inputs  to  households  and  firms.  AEEI  is 
a  function  of  time  ,(a  proxy  for  all  the  long-run  reasons  for  equipment  turnover)  and 
suggests  the  rate  at  which  the  penetration  of  new  technologies  may  change  the  energy 
intensity  of  the  economy.  The  elasticity  of  substitution  is  a  function  of  relative  prices  of 
inputs  and  allows  measurement  of  the  degree  to  which  capital  or  labour  can  be 
substituted  for  energy  (i.e.,  energy  intensity  can  be  reduced)  as  energy  prices  rise  relative 
to  these  other  inputs.  The  values  of  AEEI  and  elasticity  of  substitution  can  be  adjusted 
to  provide  results  that  match  those  frequently  suggested  by  bottom-up  analysts. 

Recently,  top-down  modellers  have  proven  to  be  more  willing  to  abandon 
historically  derived  parameter  values  in  favor  of  other  values  -  derived,  for  example, 
from  detailed  bottom-up  analysis  -  both  for  AEEI  and  the  elasticity  of  substitution 
(benchmarking).  They  have  also  worked  to  develop  model  forms  that  achieve  greater 
disaggregation  of  energy  end-use  activities,  if  not  a  detailed  representation  of 
technologies.  Tlius  a  relatively  high  value  for  AEEI,  say  a  2%  decline  per  year,  and  a 
relatively  high  value  for  the  elasticity  of  substitution  between  fossil  fuels  and  other 
factors  of  production  (labour,  capital)  could  lead  to  top-down  simulation  results  in  which 
the  costs  of  carbon  emission  stabilization,  and  even  of  a  15-30%  reduction,  were  below 
or  close  to  zero.  This  way  of  incorporating  bottom-up  information  is  relatively  easy  to 
achieve  in  the  generation  of  top-down  models  that  use  "benchmarking"  approaches  to 
calibration;  in  the  case  of  econometrically  calibrated  models,  it  requires  the  adoption  of 
some  ad  hoc  hypotheses  and  a  departure  from  strict  econometric  consistency. 

Conversely,  some  of  the  recent  refinements  to  bottom-up  modelling  have  tended 
to  use  more  sophisticated  economic  indicators  than  the  technical  costs  per  toe  or  kw/h. 
They  se€k  to  be  more  descriptive  of  the  actual  energy-using  behaviours  of  firms, 
househoMs,  and  institutions  and  to  account  for  actual  experience  as  regards  responses  to 
price  signals  and  energy  efficiency  progranmies  as  well  as  the  administrative  costs  of 
policy  programmes.   In  particular,  bottom-up  studies  have  become  increasingly 
sophisticated  with  regard  to: 

■  technical  analysis:  this  is  especially  so  with  respect  to  demand-side  efficiency 
improvements.   On  the  one  hand,  more  detailed  studies  will  tend  to  arrive  at 
larger  cost-effective  efficiency  potentials;  on  the  other,  analysts  may  disagree 
about  the  actual  performance  of  various  types  of  end-use  equipment; 

■  administrative  costs:  most  earlier  bottom-up  analysis  assumed  that  energy  efficiency 
standards  -  with  minimal  administrative  costs  -  would  be  the  main  policy  tool. 
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More  recent  analysis  has  increasingly  taken  stock  of  the  administrative  costs 
involved  in  actual  utility  demand-side  management  programmes.  These  costs  are 
estimated  to  range  from  negligible  (Krause,  1994;  Eto  et  al.,  1994)  to  substantial 
(Joskow  and  Marron,  1993),  depending  primarily  on  the  type  of  incentive 
programme  involved; 

■         policy  effectiveness:  the  results  of  bottom-up  studies  vary  as  a  function  of  the  way 
they  account  for  transaaion  costs  and  transition  costs.  At  one  end  of  the 
spectrum,  it  is  assumed  that  a  complete  shift  to  efficient  equipment  will  be 
achieved  within  one  cycle  of  capital  stock  turnover  (10  to  20  years);  at  the  other 
end,  political  and  institutional  constraints  inhibit  the  use  of  the  most  energy- 
efficient  technology  over  periods  of  40  years  or  more. 

In  addition  to  differences  in  their  approach  to  technology,  bottom-up  and  top- 
down  models  typically  contain  important  differences  in  their  assumptions  about  consumer 
surpluses,  so-called  intangible  costs,  and  the  role  of  market  barriers  (Sutherland,  1991). 

An  example  of  a  consumer  surplus  would  be  the  extra  satisfaction  or  value  that  a 
consumer  derives  from  a  particular  automobile  that  may  not  be  reflected  in  its  capital  or 
operating  costs.  Common  examples  of  intangible  costs  are  (1)  the  cost  of  becoming 
sufficiently  informed  about  a  new  technology  in  order  to  consider  it  seriously  as  an 
option,  (2)  the  perceived  risks  associated  with  the  capital  or  operating  costs  of  a 
technology,  (3)  the  various  transaction  costs  associated  with  finding,  ordering,  shipping, 
installing,  operating,  and  maintaining  a  technology,  and  (4)  externally  or  internally 
imposed  restrictive  investment  criteria  that  differ  from  the  social  time  preference  of 
consumers  and  the  opportunity  cost  of  capital  of  firms.  A  difference  in  one  or  more  of 
these  intangible  cost  factors  or  consumer  surpluses  between  two  goods  could  be  sufficient 
to  offset  differences  in  their  tangible  costs. 

Top-down  modellers,  who  tend  to  be  economists,  are  generally  reluctant  to  doubt 
the  economic  efficiency  of  business  and  household  consumption  choices,  although  they 
recognize  the  classical  imperfections  in  markets  (oligopoly,  natural  monopoly,  subsidies, 
etc.).  They  therefore  tend  to  assume  that  if  a  technology  does  not  penetrate  the  market 
to  the  extent  that  a  bottom-up  engineering/economic  analysis  (which  focuses  only  on 
tangible  costs)  suggests  that  it  could,  it  is  probably  at  least  in  part  because  the  intangible 
cost  and/or  consumer  surplus  differences  are  at  least  large  enough  to  make  the 
investment  unattractive.  As  a  consequence  of  this  general  assumption,  many  economists 
are  more  likely  to  put  their  faith  in  values  for  AEEI  and  elasticity  of  substitution  that 
have  emerged  from  studies  of  the  economy  using  statistical  regression  of  historical 
aggregate  data  sets.  Since  the  historical  data  are  based  on  actual  behaviour,  behavioural 
parameters  estimated  from  them  may  represent  a  synthesis  of  all  tangible  and  intangible 
costs,  including  differences  in  consumer  surplus. 

Sweeping  generalizations  about  bottom-up  modelling  are  as  hazardous  as  those 

43 


850 


about  the  top-down  aproach.  However,  bottom-up  analysts  in  the  past  were  more  likely 
to  be  engineers  and  physicists.  Their  detailed  knowledge  of  thermodynamic  potentials 
and  the  energy-using  characteristics  of  new  and  emerging  technologies  has  led  them  to 
be  aware  of  the  apparent  economic  potential  for  society  to  adopt  new  technologies  more 
quickly  than  in  the  past,  at  rates  that,  in  aggregate,  would  imply  values  for  AEEI  and 
elasticity  of  substitution  far  higher  than  the  values  emerging  from  the  historical  data 
relied  on  originally  by  top-down  modellers.  This  issue  is  particularly  important  when 
faced  by  the  very  long  timeframe  required  by  the  climate  change  issue. 

In  addition,  bottom-up  modellers  point  out  that  econometrically  derived 
relationships  may  incorporate  market  imperfections.  While  many  top-down  modellers 
assume  that  these  imperfections  are  either  negligible  or  very  costly  to  correct,  bottom-up 
modellers  have  noted  the  significant  successes  in  fostering  technological  irmovation  and 
greater  energy  efficiency  resulting  from  govenmient  initiatives  during  the  energy  crises  of 
the  1970s  and  utility  and  government  initiatives  in  the  1980s,  and  have  pointed  to  these 
experiences  as  evidence  that  well-designed  research  and  development  and  policy 
programmes  could  significantly  affect  the  evolution  of  the  AEEI  term  and  even  the 
elasticity  of  substitution.  Thus,  insofar  as  institutional  reforms  could  lower  transaction 
costs  and  remove  barriers  to  the  adoption  of  technologies  whose  life  cycle  costs  are 
advantageous,  there  would  be  room  for  no-regrets  improvements. 

The  empirical  foundations  of  this  position  come  from  evaluation  studies  of  the 
impacts  of  demand-side  management  programmes  on  end-use  markets,  product  choices, 
consumers,  manufacturers,  and  trade  allies  (DeCanio,  1993;  Howarth  and  Anderson, 
1993;  Howarth  and  Winslow,  1994;  Koomey  and  Sanstad,  1994;  Krause,  Vine,  and 
Gandhi,  1989;  Levine  and  Sonnenblick,  1994;  Nadel,  1992).  Though  the  argument  has 
been  challenged  by  various  critics  (Sutherland,  1991;  Joskow  and  Marron,  1993),  the 
authors  of  these  studies  suggest  that  there  exists  significant  potential  to  capture  the 
"negative  cost  potential"  that  can  be  realized  by  well-designed  demand-side  management 
programmes. 

Given  these  results,  bottom-up  modellers  tend  to  argue  that  appropriate  pohcy 
will  cause  energy-efficient  products  to  have  lower  transaction  costs  and  risks  than  are 
generally  assumed  by  firms  and  households,  and  perhaps  even  higher  consumer  surpluses. 
From  this  perspective  the  market  as  currently  configured  simply  isn't  delivering  levels  of 
energy  efficiency  that  would  be  economically  advantageous,  not  just  at  the  microlevel  of 
direct  financial  costs  but  also  at  more  aggregate  and  inclusive  levels  of  cost.  They 
suggest  that  significant  potentials  for  emission  reductions  can  be  realized  at  net  economic 
savings  through  a  combination  of  mandatory  energy  efficiency  standards,  labelling  and 
auditing  programmes,  least-cost  plaiming-oriented  utility  regulatory  reforms,  profit 
incentives  for  utility  demand-side  management  programmes,  market-pull  incentives 
provided  through  innovative  utility  or  government  procurement  programmes,  and 
increased  research  and  development  and  commercialization  efforts  for  small-scale 
modular  technologies  with  fast  gestation  periods,  notably  energy  efficiency  improvements 
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and  renewables. 


The  differences  in  results  between  top-down  jind  bottom-up  modelling  analyses 
are  thus  rooted  in  a  complex  interplay  among  differences  in  purpose,  model  structure, 
and  input  assumptions.  The  growing  tendency  for  the  development  of  hybrid  modelling 
approaches  means  that  differences  of  model  structure  are  becoming  a  less  important 
factor  in  many  climate  modelling  studies,  but  the  overall  difference  in  perspective  and 
thinking  about  energy  markets  represented  by  these  two  modelling  approaches  remains. 
Hybrid  modelling  approaches  allow  the  exploration  of  the  relative  importance  and 
implications  of  different  input  assumptions  and  are  likely  to  narrow  the  difference  in 
results  between  bottom-up  and  top-down  studies.  They  will  not  by  themselves,  however, 
resolve  the  underlying  question  of  whether  energy  markets  cire  efficient  with  respect  to 
the  delivery  of  energy  efficiency  gains  or  not.   Moreover,  it  remains  to  be  seen  whether 
these  new  approaches  will  be  equally  fruitful  in  fulfilling  the  range  of  purposes  discussed 
above  in  Section  8.4.2.1.   In  particular,  it  seems  clear  that  we  need  to  improve  our  ability 
to  explore  long-term  development  paths  or  configurations  of  technology  that  are  very 
different  from  those  typical  of  experience  in  past  decades  (i.e.,  the  alternative  future 
scenarios  that  are  often  the  subject  of  backcasting  analyses).   Much  work  remains  to  be 
done  to  address  these  larger  issues  in  a  satisfactory  way. 

8.4.4  Beyond  Energy:  Carbon  Sinks  and  Nonenergy  Greenhouse  Gas  Emissions 

The  focus  of  the  literature  on  the  potential  for  controlling  COj  from  energy  sources  has 
developed  in  part  because  of  the  ready  availability  and  adaptability  of  models  that  were 
designed  to  analyze  energy  markets.   However,  because  of  the  lack  of  similar  ready-made 
models  that  could  be  adapted  to  analyses  of  carbon  sequestration  and  reductions  in 
emissions  of  methane,  nitrous  oxide,  halogenated  substances,  and  other  greenhouse 
gases,  debates  in  these  areas  have  not  been  structured  around  the  bottom-up  and  top- 
down  modelling  approaches.   Nevertheless,  controversies  in  these  fields  are,  in  fact, 
related  to  fundamental  issues  similar  to  the  ones  underlying  the  bottom-up  versus  top- 
down  division  in  the  energy  field,  namely,  the  reasons  for  a  wedge  between  the  direct 
cost  of  technical  alternatives  from  an  engineering  viewpoint  and  the  overall  costs  of  their 
adoption  and  implementation  if  transaction  costs  and  economic  general  equilibrium 
effects  are  included  in  the  accounting. 

8.4.4.1   Carbon  Sequestration  Studies 

Carbon  sequestration  cost  studies  fall  into  four  general  categories:   (1)  studies  of  the  cost 
of  removal  and  storage  of  carbon  dioxide  from  emission  sources  such  as  power  plants, 
(2)  smdies  of  biomass  energy  technologies  that  allow  displaced  fossil  carbon  to  remain 
undisturbed,  (3)  studies  of  practices  to  maintain  and  expand  the  biological  carbon  sink, 
particularly  in  forests,  and  (4)  studies  of  technologies  to  expand  the  storage  of  carbon  in 
wood  products.  Technologies  for  the  removal  and  storage  of  carbon  dioxide  are 
prohibitively  expensive  at  this  time  (see  e.g.,  Riemer,  1993).  Biomass  energy  is  treated 
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elsewhere  in  this  report  as  a  renewable  energy  technology  that  lowers  net  emissions  of 
carbon  dioxide.  The  analysis  of  the  costs  of  increasing  the  use  of  long-lived  wood 
products  is  not  well  developed.   Consequently,  this  review  of  carbon  sequestration  cost 
studies  will  concentrate  on  the  expansion  of  forest  and  agricultural  carbon  sinks. 

Most  carbon  sink  cost  analyses  have  examined  the  direct  costs  of  specific  technical 
measures.^  Under  this  approach,  forestry  or  agricultural  practices  are  matched  with 
appropriate  geographic  regions.  The  pairs  are  defined  as  unique  technologies  with 
specific  production  functions.  Then,  in  a  very  simple  analysis,  three  key  variables  are 
identified  for  each  region/practice  combination: 

1.  the  suitable  land  area  for  that  practice  (e.g.,  hectares); 

2.  the  treatment  cost  and  land  cost  for  the  practice  (e.g.,  annualized  costs  per 
hectare  per  year); 

3.  the  annual  carbon  yield  (e.g.,  tonnes  of  carbon  per  hectare  per  year). 

Two  critical  results  can  be  derived  from  these  three  pieces  of  data.  The  potential 
yield  of  carbon  in  toimes  per  year,  from  a  given  region/practice  can  be  derived  by 
multiplying  the  first  and  third  factors.   The  unit  cost  of  carbon  sequestration,  in  dollars 
per  tonne,  can  be  derived  by  dividing  the  second  factor  by  the  third.  These  results  can 
then  be  combined  across  practices  within  a  region  to  develop  a  supply  curve  for  carbon 
sequestration. 

The  simple  analysis  described  above  has  been  employed  by  some  studies  (see,  e.g., 
Moulton  and  Richards,  1990).   However,  estimation  of  the  three  variables  listed  above  - 
land  area,  land  and  treatment  costs,  and  carbon  yield  -  is  not  simple  in  practice.   As 
discussed  in  Box  8.1  [BOX  8.1  DEALS  WITH  BASIC  PRINCIPLES  FOR  ASSESSMENT 
OF  THE  WELFARE  COST  OF  A  TAX.  THERE  IS  NO  OTHER  BOX  WITH  THIS 
CHAPTER.  PLEASE  CHECK  REFERENCE.]  above,  there  is  no  consensus  on  the 
definition  of  the  summary  statistic  "dollars  per  tonne  of  carbon  sequestration." 

As  with  energy  studies,  differences  among  the  studies  that  give  rise  to  a  wedge 
between  direct  and  social  costs  occur  at  each  stage  of  a  carbon  sequestration  cost 
analysis.  These  stem  from  different  assumptions  about  the  suitability  of  forestry  and 
agricultural  practices,  different  treatments  of  land  and  forestry  practice  implementation 
costs,  and  different  estimates  of  the  expected  accomplishments  of  the  forestry  practices 
and  valuation  of  those  accomplishments  in  terms  of  greenhouse  gas  emission  benefits  as 
well  as  double  dividend  GDP  and  natural  resource  conservation  benefits. 

As  Table  8.4  indicates,  a  variety  of  forestry  practices  may  contribute  to  increasing 
the  size  of  forest  and  agricultural  carbon  sinks.  Just  as  in  the  case  of  the  best  available 
technologies  in  the  energy  field,  the  appropriate  forestry  and  agricultural  practice  for 
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carbon  sequestration  is,  in  theory,  the  one  that  provides  promise  as  a  cost-effective  way 
to  capture  and  store  carbon  (see,  e.g.,  Parks  and  Hardie,  1995).  The  analysis  of 
"intangible"  factor  costs  or  of  "double  dividends"  has  been  hampered  by  the  fact  that 
many  studies  have  imposed  constraints  on  the  forestry  or  agricultural  practices  or  types 
of  land  that  they  consider.  These  have  included  requirements  that  the  adopted  practices 
decrease  soil  erosion  (Moulton  and  Richards,  1990),  meet  local  needs  (Andrasko  et  al., 
1991),  or  provide  other  environmental  benefits  such  as  habitat  preservation.  Ideally, 
these  factors  should  be  accounted  for  as  beneficial  secondary  effects,  which  in  many 
cases  appear  to  be"  higher  than  for  energy  efficiency. 


[Table  8.4] 


Significant  differences  in  the  cost  assessments  of  sink  studies  can  be  traced  back 
to  disagreements  about  the  assumptions  and  data  related  to  the  many  factors  that 
determine  total  costs:  land  costs,  first  treatment  and  maintenance  costs,  transaction  costs, 
the  valuation  of  wood  and  agricultural  products,  and  the  discount  rate  applied  to 
expenditures. 

With  respect  to  land  costs,  studies  of  carbon  sequestration  costs  in  the  United 
States  have,  for  example,  employed  several  methods  to  identify  the  social  costs  associated 
with  conversion  of  land  to  forest.  These  have  included  the  use  of  land  rental  rates 
derived  from  surveys  (Moulton  and  Richards,  1990),  the  use  of  market  prices  adjusted 
for  the  elasticity  of  demand  for  agricultural  land  (Richards  ei  al.,  1993),  the  use  of  the 
estimated  lost  profits  from  removing  the  land  from  agricultural  production  (Parks  and 
Hardie,  1995),  and  the  use  of  consumer  surplus  loss  from  increases  in  food  prices  due  to 
the  constriction  of  agricultural  land  availability  (Adams  et  al.,  1993).   In  the  absence  of 
extensive  experience,  estimating  land  costs  has  proven  difficult  because  of  the  low 
reliability  of  data  on  the  elasticities  of  demand  for  agricultural  land.   Also,  uncertainties 
about  the  future  of  government  subsidies  for  agriculture  raise  questions  about  land  costs. 
These  subsidies  tend  to  drive  a  wedge  between  the  market  prices  and  the  social  cost  of 
land. 

These  accounting  difficulties  are  obviously  far  more  difficult  in  countries  that  do 
not  have  well-established  land  markets,  that  have  land  tenure  laws  that  do  not  allow 
permanent  transfer  of  land  at  all,  or  where  the  government  owns  a  significant  portion  of 
the  land.   Further,  even  where  land  markets  do  function,  the  lack  of  data  about  market 
activities  often  renders  land  cost  estimates  speculative  at  best. 

The  transaction  costs  associated  with  establishing  forestry  and  agricultural 
programmes  can  be  significant.   Even  in  well-developed  market  economies,  the  costs  of 
programme  administration  can  rise  to  as  much  as  15%  of  the  total  costs  of  land  rental, 
establishment,  and  maintenance  (Richards  et  al.,  1993).   It  is  reasonable  to  expect  that 
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where  land  and  labour  markets  are  not  as  well  developed  or  when  a  public 
administration  is  not  well  established,  the  costs  of  administration  and  information 
gathering  might  rise  to  a  much  higher  level,  even  surpassing  the  financial  outlays 
[OUTLAYS  FOR  WHAT?].   In  the  context  of  developing  countries  where  the  pressure 
on  land  comes  from  agricultural  purposes  or  from  wood  exports,  these  transaction  costs 
should,  theoretically,  encompass  policies  required  to  slacken  this  pressure.  This 
requirement  could  narrow  the  range  of  feasible  low-cost  carbon  sequestration 
opportunities. 

While  some  carbon  sink  cost  studies  have  assumed  that  carbon  sequestration  project 
lands  would  be  taken  out  of  agricultural  or  timber  production  permanently  (Nordhaus, 
1991;  Richards  et  al.,  1993),  most  have  allowed  for  some  kind  of  derivative  benefit  in  the 
form  of  forestry  products  such  as  pulpwood,  timber,  firewood,  and  biomass  energy.   Such 
derivative  benefits  raise  several  additional  issues.   First,  harvesting  of  forestry  products 
suggests  the  need  to  modify  the  flows  of  carbon  associated  with  the  project  to  reflect  the 
removal  of  carbon  from  the  site.   This  in  turn  raises  the  question  of  the  rate  of  release 
of  the  carbon  back  to  the  atmosphere  after  harvest.  Second,  in  a  cost-effectiveness  study, 
the  costs  of  the  project  should  be  reduced  to  reflect  the  noncarbon  benefits  of  the  wood 
and  agricultural  products.   Furthermore,  to  the  extent  that  sequestration  timber  drives 
down  the  price  of  timber  products,  additional  markets  will  develop  for  wood  substitutes 
for  energy-intensive  materials  such  as  concrete,  aluminum,  and  steel,  thus  yielding  further 
reductions  in  emissions. 

As  the  discussion  in  Box  8.1  illustrates,  harvesting  can  have  a  significant  impact  on 
the  carbon  benefits  of  a  project.   Further,  the  measure  of  that  impact  depends  very  much 
on  the  choice  of  summary  statistics.   At  the  same  time,  the  economic  benefits  of  timber 
harvesting  can  be  significant.   Studies  that  do  not  quantify  either  of  these  two  effects  will 
overstate  both  the  costs  of  carbon  sink  projects  and  the  carbon  benefits.   While  the 
effea  on  carbon  costs  of  ignoring  timber  harvesting  is  indeterminate,  it  is  likely  that 
inclusion  of  forestry  products  in  the  analysis  would  generally  lower  unit  cost.   Studies 
that  include  the  effects  of  harvesting  on  carbon  flows  but  do  not  incorporate  its 
economic  benefits  will  almost  certainly  overstate  the  unit  costs  of  carbon  sequestration. 
At  the  extreme,  some  forestry  practices  may  pay  for  themselves  in  the  form  of  forestry 
products  and  provide  the  carbon  benefits  as  a  costless  (i.e.,  no-regretS)  bonus-(eftefl 
referred  to  as  "no  regrets"  strategics).^  For  example,  Xu  (1994)  suggests  that  there 
may  be  negative  costs  associated  with  some  carbon  sequestration  practices  in  China. 
Conversely,  those  studies  that  only  consider  the  benefits  of  forestry  products  but  do  not 
adjust  the  carbon  flows  to  reflect  increased  releases  of  carbon  back  to  the  atmosphere 
will  understate  the  costs  of  carbon  sequestration. 

It  is  apparent  that,  as  with  energy  efficiency,  there  are  opportunities  in  the  carbon 
sink  area  to  achieve  double  dividends.   These  become  evident  under  an  analysis  that 
provides  full  accounting  for  the  wood  and  agricultural  product  benefits  of  projects  as  well 
as  for  the  less  tangible  benefits  such  as  habitat  and  watershed  preservation,  improved 

48 


855 


local  self-reliance,  and  soil  erosion  control.   However,  full  accounting  must  also  include 
those  factors  that  tend  to  increase  social  costs  relative  to  financial  costs,  such  as  the 
effect  of  removing  nonmarginal  quantities  of  land  from  agricultural  production, 
transaction  costs  associated  with  establishing  new  land  use  patterns,  administrative  costs 
of  implementing  a  large-scale  carbon  sequestration  programme,  and  decreases  in  carbon 
benefits  associated  with  timber  harvesting.  Perhaps  the  most  important  factor,  one 
commonly  ignored  by  carbon  sink  cost  studies,  is  the  potential  for  "leakage"  of  the 
carbon  sequestration  gains.  If  the  selective  subsidization  of  tree  planting  and  other 
forestry  practices  creates  a  new  supply  of  timber,  owners  of  existing  forests  may  try  to 
avoid  competition  in  the  timber  market  by  accelerating  harvest  of  their  stocks,  decreasing 
the  amoimt  of  postharvest  replanting,  and  avoiding  expansion  of  the  holdings. 
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1.  However,  in  most  of  the  earlier  modelling  work,  "long-term"  generally  meant  a  time  horizon  of  10-20  years, 
not  the  100-plus  horizons  used  in  many  of  the  current  climate  change  scenarios. 

2.  For  a  discussion  of  the  wide  range  of  views  on  future  energy  demand  in  the  early  1980s,  see  Caputo  (1984) 
and  Thompson  (1984). 

3.  For  discussion  of  the  sometimes  vexed  relationship  between  energy  modellers  and  energy  policymakers,  see 
Robinson  (1992). 

4.  Sec,  for  example,  the  various  national  case  studies  in  Baumgartner  and  Midttun  (1987). 

5.  Early  work  in  this  area  is  summarized  in  Little  and  Mirrless  (1974)  or  Squirre  and  Van  der  Tak  (1976).  A 
good  illustration  of  the  interest  in  making  a  distinction  between  market  prices  and  factor  costs  is  given  in  the 
debates  around  the  biomass  etbanol  progrjim  in  Brazil,  where  the  cost  of  ethanol  is  far  lower  if  one  utilize  some 
form  of  social  costs  (Nastari,  1991). 

6.  Most  discussions  of  the  issue  of  "no-regrets"  potential  have  centred  around  the  first  category  of  positive  side 
effects  described  here:  whether  there  exist  "negative  cost"  measures  such  as  some  types  of  energy  efficiency 
programmes.  But  whatever  positive  side-effects  are  included,  the  "no-regrets"  concept  should  not  be  taken  to 
imply  that  undertaking  all  such  measures  will  guarantee  no  regrets  with  regard  to  the  effects  of  climate  change, 
if  these  effects  ultimately  are  proven  to  be  very  significant.  A  better  term  might  be  "worth  doing  anyway" 
measures. 

7.  See  also  the  discussion  in  Chapter  7. 

8.  See  section  6.7  of  Chapter  6  for  a  discussion  of  some  estimates  of  the  magnitude  of  the  environmental  double 
dividend. 

9.  For  a  more  general  presentation  of  the  different  meanings  of  concepts  such  as  'no  regrets"  and  "double 
dividend,"  see  Goulder  (1994). 

10.  Of  course  it  would  also  be  possible  to  move  from  O  to  a  point  B'  above  and  to  the  left  of  point  B  (increasing 
economic  growth  and  also  increasing  emissions).  This  means  that  the  economic  surplus  gained  thanks  to  the 
removal  of  inefficiencies  (i.e.,  moving  from  O  to  curve  F)  will  be  devoted  to  improving  environmental  quality 
only  if  there  is  a  collective  preference  and  political  will  to  do  so.  It  could  also  be  possible  to  move  to  a  point  A' 
below  and  to  the  right  of  A  (reducing  both  emissions  and  economic  activity)  if  the  surplus  is  devoted  to  very  high 
investments  with  a  low  return  and  a  very  low  efficiency  in  terms  of  environmental  quality  improvement.  This 
could  occur  in  the  case  of  misallocation  of  efforts  for  a  given  level  of  concern  for  environmental  qualtity. 

11.  Another  counterargument  acknowledges  that  a  suboptimal  baseline  may  be  the  most  realistic  assumption, 
even  over  the  long  rim,  but  suggests  that  the  cost  of  greenhouse  gas  abatement  measures  should  be  calculated 
net  of  the  effect  of  any  measures  taken  to  move  the  economy  towcirds  the  production  frontier  (e.g.,  the  effect 
of  fiscal  distortions  are  assumed  to  be  removed  before  calculating  the  cost  of  a  carbon  lax).  By  suggesting  that 
no  economic  double  dividends  should  be  included  in  the  cost  of  abatement,  such  arguments  reduce  the  estimate 
of  cost-effective  abatement  potential,  but  they  also  imply  that  the  adoption  of  a  more  economically  efficient 
baseline  scenario  may  result  in  lower  emissions  for  reasons  imrelated  to  climate  policies. 

12.  Of  course,  all  this  assumes  a  static  production  frontier.  In  reality,  as  a  result  of  technological  change  and 
other  factors,  the  frontier  moves,  usually  to  the  right,  over  time.  Bottom-up  analyses  often  compare  a  point  below 
the  current  production  frontier  with  athe^mr;  production  frontier.  Bottom-up  analysts  typically  also  argue  that 
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due  to  market  imperfections,  actual  future  production  is  likely  to  lie  below  the  future  production  frontier.  Since 
bottom-up  analyses  tend  to  caculate  the  cost  savings  due  to  the  adoption  of  future  technologies  relative  to 
existing  ones,  it  is  not  surprising  that  they  usually  show  net  savings.  Top-down  analyses  tend  to  focus  on  the 
costs  of  moving  from  the  current  to  a  future  production  frontier.  Since  that  entails  investment,  it  is  not  surprising 
that  the  costs  are  always  positive. 

13.  The  same  debate  surrounds  the  analysis  of  fiscal  reforms  linked  to  a  carbon  (or  energy)  tax.  Some  analysts 
consider  that  it  is  more  legitimate  to  separate  the  gains  from  reducing  existing  fiscal  distortions  from  the 
incremental  impact  of  a  carbon  tax.  Others  consider  that  both  such  effects  should  be  accredited  to  the  carbon 
tax,  since  reducing  fiscal  distortions  is  associated  with,  and  may  be  made  more  politically  palatable  by,  the 
imposition  of  the  carbon  tax.  This  latter  position,  which  can  reduce  or  more  than  offset  the  costs  of  the  carbon 
tax,  is  the  position  taken  in  most  of  the  empirical  modelling  work  to  date;  the  former  assumption  is  more  typical 
of  more  theroretical  analyses. 

14.  This  is  a  logical  identity  and  does  not  imply  the  independence  of  these  three  terms. 

15.  To  give  a  simple  example,  if  there  were  two  countries  in  the  world  and  the  cost  of  emission  reduction  was 
always  twice  as  expensive  in  country  A  as  in  B,  then  it  would  be  cheaper  to  use  up  all  the  reduction  potential 
in  country  B  before  reducing  emissions  in  A. 

16.  In  1989,  the  range  for  Europe  and  North  America  was  20-35%  (World  Resources  Institute,  1993). 

17.  Alternatively,  countries  might  adopt  strategies  encouraging  the  development  of  very  energy-efficient  urban 
design. 

18.  For  discussion  and  examples  of  such  approaches  see  Jantsch,  E.  (1967);  Harman,  W.  (1976);  Gault,  et  al. 
(1987);  Gal  and  Fric  (1987);  Glimel  and  Laestadius  (1987);  Godel  (1986);  and  Robinson  (1988). 

19.  See  the  country  case  studies  in  Baumgartner  and  Middtun  (1987).  See  also  Caputo  (1984).  For  a  discussion 
of  the  bases  of  disagreement,  see  Robinson  (1982a) 

20.  For  examples  of  more  recent  bottom-up  work,  see  Goldemberg  et  al.  (1988)  and  Johansson  et  al.  (1993). 

21.  In  Chapter  9  we  provide  the  findings  of  some  attempts  to  provide  such  comparisons. 

22.  Since  the  former  baseline  already  incorporates  such  improvements,  the  cost  per  unit  of  further  reduction  is 
likely  to  be  higher  than  it  would  be  relative  to  a  baseline  without  such  improvements. 

23.  For  a  recent  example,  which  characterizes  individual  bottom-up  and  top-down  models,  see  Grubb  el  al. 
(1993). 

24..For  example.  Environmental  Protection  Agency  (1990);  Edmonds,  et  al.  (1986);  Manne  and  Schrattenholzer 
(1993);  and  Johansson  et  al.  (1993). 

25.  The  term  "backcasting"  is  also  used  in  the  economic  modelling  literature  to  refer  to  the  process  of  simulating 
a  model  over  historical  time  in  order  to  compare  such  a  historical  "projection"  with  actual  historical  data. 

26.  For  a  discussion  of  the  implications  of  backcasting  approaches,  see  Gault,  et  al.  (1987)  and  Robinson  (1991b). 

27 .The  SIC  (Stsmdard  Industrial  Classification)  is  an  internationally  recognized  classification  system  for  industrial 
activity.  The  two-digit  SIC  level  is  a  very  [highly]  aggregated  level  that  breaks  industrial  activity  into  less  than 
ten  sectors. 
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28.  Apparently,  the  only  carbon  sequestration  cost  study  to  employ  an  econometric  approach  (in  contrast  to  the 
least-cost  analysis  of  most  other  studies)  is  currently  being  prepared  by  Robert  Slavins  of  the  Kennedy  School, 
Harvard  University,  USA.  The  econometric  analysis  incorporates  not  only  data  from  direct  financial  cost,  but 
accounts  for  behavioural  considerations  regarding  how  landowners  respond  to  economic  incentives. 

29.  Of  course,  as  in  the  case  of  energy-related  emissions,  the  assertion  that  opportunities  exist  to  enhance  sinks 
at  a  negative  cost  raises  the  obviom  question  of  why  these  activities  are  not  already  being  undertaken  if  their 
costs  truly  are  negative. 
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Table  8.1 
Key  Structural  Characteristics  in  Energy/Economy  Models 


Structural  characteristics 

1.  Degree  of  endogenization  (the  extent  to 
which  behavioural  relationships  are  endogenized 
in  the  model  equations  or  left  to  be  supplied  as 
exogenous  assumptions) 


Policy  issues 

Models  that  endogenize  behaviour  are  suited  to 
predict  actual  outcomes;  those  that  exogenize  it 
are  more  suited  to  simulate  the  effects  of 
changes  in  historical  patterns. 


2.  Extent  of  description  of  the  nonenergy  sector 
components  of  the  economy  (investment,  trade, 
consumption  of  nonenergy  goods  and  services, 
income  distribution,  etc.) 

3.  Extent  of  description  of  energy  end  uses 


4.  Extent  of  description  of  energy  supply 
technologies 


Models  that  describe  these  sectors  in  more 
detail  arc  more  suitable  for  analyzing  the  wider 
economic  effects  of  energy  policy  measures). 


Models  that  describe  these  end  uses  in  more 
detail  are  more  suitable  for  analyzing  the 
technological  potential  for  energy  efficiency. 

Models  that  describe  these  end  uses  in  more 
detail  are  more  suitable  for  analyzing  the 
technological  potential  for  fuel  substitution  and 
new  supplies. 
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Table  82 
Key  Structural  Distinctions  Between  Bottom-Up  and  Top-Down  Models 


Structural 
Dimension 

Early 
Top>Down 

Models 
Bot(oni«Up 

More  Recent  Models 
Top<Down      Bet(otn>Up 

1.  Endogenizadon  of 
Bchaviour 

HIOH 

LOW 

HIOH 

(MORE) 

2.  Dcui]  on  Non-Encrsy 
Sectors 

HIGH 

LOW 

HIOH 

(MORE) 

3.  Detail  on  Energy 
End-Uses 

LCW 

HIGH 

(MORE) 

HIGH 

4.  Detail  on  Energy  Supply 
Technolof!ies 

LOW 

HIOH 

(MORE) 

HIGH 

5.  Predictive  Orientation 

HIGH 

LOW 

aOWER) 

(HIGHER) 
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Table  83 
Key  Input  Assumptions  in  Greenhouse  Gas  Mitigation  Costing  Studies 

Assumption  Meaning  and  Relevance 

1.  Population 


2.  Economic  Growth 

3.  Energy  Demand 

a)  Structural  Change 

b)  Technological  Change/Choice 


4.  Energy  Supply 

a)  Short-term  Availability  of  Alternative 
Supplies 

b)  Backstop  Technology 


5.  Price  and  Income  Elasticities  of  Energy 
Demand 


6.  Existing  Tax  System  and  Tax  Recycling 


Other  things  being  equal,  population  growth 
increases  greenhouse  gas  emissions. 

Increased  economic  growth  increases  energy- 
using  activities  and  also  increases  the  turnover 
of  energy-using  equipment  (e.g.,  allowing 
penetration  of  more  efficient  equipment). 


Degree  to  which  the  structure  of  the  economy 
changes.  Since  different  sectors  of  the  economy 
have  different  energy  intensities,  this  will  have  a 
significant  impact  on  overall  energy  use. 

Energy  intensity  of  energy-using  equipment  and 
processes.  This  'energy  efficiency"  variable 
influences  overall  energy  demand. 


This  determines  the  potential  for  fuel 
substitution. 

The  cost  at  which  an  inrmite  alternative  supply 
of  energy  becomes  available.  This  sets  an  upper 
bound  on  the  cost  of  mitigation. 

These  elasticities  measure  the  relative  change  in 
energy  demand,  given  relative  changes  in  energy 
prices  and  in  incomes.  Higher  elasticities  cause 
larger  changes  in  energy  use. 

Whether  carbon  tax  revenues  are  used  to  reduce 
the  distortionary  effects  of  existing  taxes.  This 
has  a  large  impact  on  the  overall  cost  of  carbon 
taxes. 
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Table  8.4 

Examples  of  Forestiy  and  Agricultural  Practices  to  Increase  Carbon  Sequestration 

,  Afforestation  of  agricultural  land 

Reforestation  of  harvested  or  burned  timberland 

Preservation  of  forestland  from  conversion 

Protection  of  forests  from  destructive  wildfire,  pests  and  diseases 

Adoption  of  agroforestry  practices 

Establishment  of  short-rotation  woody  biomass  plantations 

Lengthening  forest  rotation  cycles 

Modification  of  forestry  management  practices  to  emphasize  carbon 
storage 


Adoption  of  low  impact  harvesting  methods  to  decrease  carbon 
release 


Adoption  of  carbon-enhancing  agricultural  practices  (crop  rotation, 
no-till,  etc.) 
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Figure  8.1 

Energy  technology  cost  curve 


GHG  Emission  Reduction  (t) 
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Figure  8.3 

Alternative  views  on  cost  of 

emissions  reduction 
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Key: 

A  -  oo  market  imperfections,  no  economic  double  dividend 
B  -  negative  cost  potential  plus  economic  double  dividend 
Note:  A  &  B  do  not  include  environmental  double  dividend 
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Added  tax  burden  from  tax 


With  no  pre-existing  tax 


Qi    Qo 

Quantity 


With  a  pre-existing  tax 
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Figure  8,4 

Possible  costs  of  a  carbon  tax 
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Key: 

A  -    gross  abatement  costs,  no  pre-existing  distortions, 
no  recycling 

A  J  -  net  cost  if  pre-existing  tax  distortions  exist 

A2-  net  cost  with  "efficient"  tax  recycling 
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Summary 

Estimates  of  the  cost  of  greenhouse  gas  emission  reduction  are  sensitive  to 
assumptions  about  appropriate  model  structure,  demographic  and  economic  growth,  the 
cost  and  availability  of  both  demand-side  and  supply-side  energy  options,  the  desired 
level  and  timing  of  abatement,  and  the  choice  of  policy  instruments.  Different 
assumptions  have  led  to  a  wide  range  of  emission  reduction  cost  estimates. 

Despite  significant  differences  in  views,  there  is  agreement  that  some  energy 
efficiency  improvements  (perhaps  10-30%  of  current  consumption,  depending  on  baseline 
assumptions  and  the  implementation  time  frame)  can  be  realized  at  negative  to  slightly 
positive  costs.  The  existence  of  such  a  no-regrets  potential  depends  upon  the  existence  of 
substantial  market  or  institutional  imperfections  that  prevent  cost-effective  emission 
reduction  measures  from  occurring.  The  key  question  is  whether  such  imperfections  can 
be  removed  cost-effectively  by  policy  measures. 

Energy-related  emissions  can  be  reduced  through  both  demand-side  (energy 
efficiency)  and  supply-side  (alternative  sources  of  supply)  options.  In  the  short  term, 
demand-side  options  are  cheapest  in  most  countries. 

Estimates  of  the  costs  of  stabilizing  COj  emissions  vary  widely  as  a  result  of 
differences  both  in  the  baseUne  scenarios  used  (e.g.,  how  much  energy  efficiency  or  what 
rate  of  economic  growth  is  contained  in  the  baseline  scenario),  and  in  the  calculated 
costs  of  various  policy  measures. 

There  has  been  much  more  analysis  to  date  of  emission  reduction  potentials  and 
costs  for  industrialized  countries  than  for  other  parts  of  the  world.  Moreover,  many 
existing  models  are  not  well  suited  to  study  economies  in  transition  or  developing 
country  economies.  Much  more  work  is  needed  to  develop  and  apply  models  outside  of 
developed  countries. 

The  overall  cost  of  abatement  programmes  will  ultimately  be  determined  by  the 
rate  of  capital  replacement,  the  discount  rate,  and  the  effect  of  research  and 
development.  Appropriate  long-run  signals  to  encourage  R&D  will  reduce  long-run  costs. 
The  implementation  of  any  no-regrets  potential  will  increase  the  time  available  to  learn 
about  climate  risks  and  to  bring  new  technologies  to  the  marketplace. 

Infrastructure  decisions  are  critical  because  they  can  enhance  or  restrict  the 
number  and  type  of  future  options,  and  different  infrastructure  decisions  can  lead  to  very 
different  cost  outcomes.  This  issue  is  of  particular  importance  to  developing  countries, 
where  major  infrastructure  decisions  will  be  made  in  the  near  term. 

If  the  climate  issue  is  formulated  in  terms  of  stabilizing  atmospheric 
concentrations,  the  choice  of  emission  time  path  is  critical  in  determining  the  overall 
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price  tag.  It  is  important  to  identify  those  paths  that  nunimize  the  costs  of  achieving  a 
particular  concentration  target. 

The  overall  impact  of  a  carbon  tax  will  depend  not  only  on  the  size  of  the  tax,  but 
also  on  the  uses  to  which  the  revenues  are  put.  If  carbon  tax  revenues  are  used  to  reduce 
more  distortionary  taxes,  overall  emission  reduction  costs  will  be  reduced.  Inefficient  tax 
recycling  could,  however,  increase  costs. 

There  is  need  for  both  detailed  (bottom-up)  analysis  of  technological  options  and 
also  more  aggregate  (top-down)  analysis  of  economic  effects.  Whereas,  historically,  these 
two  approaches  have  been  associated  with  very  different  cost  estimates,  this  need  not 
always  be  the  case.  Indeed  widely  differing  methods  can  produce  quite  similar  results 
when  calibrated  to  the  same  set  of  input  assumptions. 

Given  differences  in  marginal  emission  reduction  costs  among  countries, 
international  cooperation  can  significantly  reduce  the  global  price  tag  for  emission 
reduction.  Economic  efficiency  would  be  enhanced  by  carrying  out  emission  reduction 
where  it  is  cheapest  to  do  so. 

Estimates  of  the  costs  of  stabilizing  CO^  emissions  at  1990  levels  in  OECD 
countries  vary  widely.  Many  bottom-up  studies  suggest  that  the  costs  of  achieving  this 
target  over  the  next  few  decades  may  be  negligible.  Given  rising  baseline  emissions  over 
the  longer  term,  however,  many  top-down  studies  suggest  that  the  annual  costs  of 
stabilizing  emissions  may  ultimately  exceed 
1-2%  of  GDP. 

The  costs  of  stabilizing  emissions  for  economies  in  transition  may  be  small  relative 
to  OECD  countries.  The  potential  for  cost-effective  reductions  in  energy  use  is  apt  to  be 
considerable,  but  the  realizable  potential  will  depend  upon  what  economic  and 
technological  development  path  is  chosen.  A  critical  issue  is  the  future  of  structural 
changes  in  these  countries  that  may  drastically  change  the  level  of  baseline  emissions  and 
the  emission  reduction  costs. 

Analyses  suggest  that  there  may  be  substantial  low-cost  emission  reduction 
opportunities  for  developing  countries.  However,  these  are  likely  to  be  insufficient  to 
o^et  rapidly  increasing  emission  baselines  associated  with,  for  example,  increased 
economic  growth.  In  the  absence  of  a  highly  favourable  allocation  of  carbon  emission 
rights,  the  likely  magnitude  of  emission  reduction  will  be  particularly  costly  for 
developing  countries. 
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9.1  Introduction 


A  variety  of  options  can  be  adopted  in  response  to  the  prospect  of  increasing 
concentrations  of  greenhouse  gases  in  the  earth's  atmosphere.  These  include  (1)  options 
that  eliminate  or  reduce  greenhouse  gas  emissions;  (2)  options  that  offset  emissions,  for 
example,  through  the  enhancement  of  sinks;  and  (3)  options  that  help  human  and 
ecological  systems  adjust  or  adapt  to  new  climate  conditions  and  events.  The  first  and 
second  types  of  interventions  take  effect  prior  to  climate  change  and  are  intended  to 
slow  its  pace.  As  such,  they  are  referred  to  as  "mitigation"  measures.  The  third  category 
of  intervention  takes  place  after  warming  occurs  and  falls  under  the  classification  of 
"adaptation."  This  chapter  reviews  existing  studies  of  the  economic  costs  of  mitigating 
greenhouse  gas  emissions. 

A  caveat  is  in  order.  Sensible  greenhouse  policy  should  involve  careful 
consideration  of  the  costs  of  mitigation  and  adaptation  options  together  with  what  these 
options  may  buy  in  terms  of  reduced  environmental  impacts.  This  chapter  focuses 
exclusively  on  mitigation  costs.  The  benefits  from  adopting  such  options  are  discussed  in 
Chapter  6. 

92  Review  of  existing  studies  of  the  costs  of  reducing  CO  2  emissions 

In  recent  years,  there  have  been  numerous  studies  of  the  costs  of  reducing  COj 
emissions.  Unfortunately,  estimates  have  spanned  such  a  wide  range  that  they  have  been 
of  limited  value  to  policy  making.  Figure  9.1,  which  summarizes  recent  projections  of  the 
costs  of  reducing  U.S.  CO2  emissions,  is  illustrative  of  the  current  lack  of  consensus 
about  the  costs  of  emission  reduction.   Whereas  some  studies  place  losses  at  several 
percent  of  GDP,  others  question  whether  there  will  be  any  losses  at  all.  An  essential  first 
step  in  narrowing  the  range  of  disagreement  is  to  determine  why  estimates  differ  so 
widely. 

There  are  many  possible  explanations  for  the  disagreement  -  choice  of 
methodologies,  underlying  assumptions,  emission  scenarios,  policy  instruments,  reporting 
year,  and  others.  In  Chapter  8,  we  explored  some  of  these  reasons,  paying  particular 
attention  to  the  modelling  of  technological  change.  In  this  chapter,  we  provide  a  more 
systematic  examination  of  the  published  literature  on  the  costs  of  reducing  COj 
emissions.  In  doing  so,  we  will  show  that,  despite  widely  varying  and  often  contradictory 
findings,  the  impressive  accumulation  of  modelling  results  provides  a  number  of  useful 
insights  for  climate  policy  making. 

The  review  is  organized  by  region,  with  results  presented  successively  for  (1)  the  U.S., 
(2)  other  OECD  countries,  (3)  the  transitional  economies  of  Eastern  Europe  and  the 
former  Soviet  Union,  (4)  developing  countries,  and  (5)  the  globe  as  a  whole.  For  each 
region,  we  first  present  results  from  top-down  studies,  then  from  bottom-up  studies.  In 
the  last  section,  we  attempt  to  draw  some  general  conclusions  based  upon  our 
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interpretation  of  these  studies. 

9J.1  Studies  of  the  Costs  of  Reducing  COj  Emissions  in  the  U.S. 

9.27.7  A  Review  of  Top-down  Studies 

There  have  been  several  attempts  in  the  U.S.  to  systematically  compare  the  results  of 
modelling  analyses  of  greenhouse  gas  emission  reduction  costs.  One  of  the  best  known  is 
a  study  conducted  by  the  Energy  Modeling  Forum  of  Stanford  University  (EMF,  1993). 
A  diverse  group  of  economic  models,  employing  common  assumptions  for  selected 
numerical  inputs,  was  used  to  analyze  a  standardized  set  of  emission  reduction  scenarios. 
In  all,  14  top-down  models  participated  in  the  study  (Table  9.1). 

The  EMF  exercise  provides  the  most  comprehensive  application  of  top-down 
methodologies  to  date.  The  harmonization  of  key  exogenous  inputs  makes  it  possible  to 
verify  to  what  extent  the  disagreements  were  due  to  differences  in  methodologies  and  to 
understand  better  the  economic  meaning  of  these  differences.  Although  the  focus  was 
primarily  on  the  U.S.,  many  of  the  insights  are  applicable  to  developed  countries  in 
general.  It  is  instructive  to  examine  its  results  in  some  detail. 

9.2.1.1.1  Key  assumptions 

In  selecting  parameters  for  standardization,  the  EMF  study  focused  on  what  were  felt  to 
be  the  most  influential  determinants  of  emission  reduction  costs.  These  included  GDP, 
population,  the  fossil-fuel  resource  base,  and  the  cost  and  availability  of  long-term  supply 
options. 

Given  its  importance  as  a  determinant  of  future  carbon  emissions,'  the  GDP 
growth  rate  was  a  key  parameter  for  harmonization  across  models.  For  its  reference  case, 
EMF  adopted  the  average  of  the  IPCC  high  and  low  economic  growth  cases  (Report  of 
the  Response  Strategies  Working  Group,  1990).  Also,  for  consistency  with  the  IPCC,  the 
study  adopted  the  population  growth  projections  of  Zachariah  and  Vu  (1988). 

Although  the  EMF  models  differed  considerably  in  their  technology 
representation,  the  study  attempted  to  impose  uniformity  with  regard  to  world  oil  prices, 
the  oil  and  gas  resource  base,  and  the  cost  of  backstop  technologies.  For  the  reference 
case,  world  oil  prices  were  specified  exogenously  and  assumed  to  be  $24/barrel  in  1990 
and  to  increase  at  a  real  rate  of  $6.50/barrel  each  decade  until  2030.  (TTiis  trajectory  was 
selected  for  its  consistency  with  those  from  general  equilibrium  models  which  incorporate 
international  trade  in  oil.)  Oil  and  gas  resources  were  based  on  the  optimistic  9Sth 
percentile  estimates  of  Masters  and  Root  (1987). 

To  facilitate  model  comparisons,  the  study  assumed  that  three  types  of  backstop 
technologies  would  ultimately  become  available:  (1)  a  liquid  synthetic  fuel  derived  from 
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coal  or  shale  at  $50/barrel  of  oil  equivalent;  (2)  a  non- carbon  based  liquid  fuel  at 
$100/barrel  of  crude  oil  equivalent;  and  (3)  a  non-carbon  based  electric  option  at  75 
mills/kWh.  Although  these  technologies  were  initially  available  in  2010,  the  models 
imposed  constraints  on  the  rate  at  which  they  could  enter  the  marketplace.  The  models 
also  included  a  variety  of  carbon-  and  noncarbon-based  supply  options  that  are  available 
at  rising  marginal  costs. 

9.2.1.1.2  Emission  scenarios 

Table  9.2  describes  the  principal  EMF  emission  scenarios.  The  reference  case  projects 
future  emissions  in  the  absence  of  control  measures.  Hence,  it  indicates  the  amount  of 
carbon  that  must  be  removed  from  the  energy  system  in  order  to  meet  a  given  target. 
Figure  9.2  compares  emission  projections  for  the  U.S.  In  all  models,  emissions  increase 
well  beyond  1990  levels.  There  are,  however,  substantial  differences  in  the  rate  of 
increase. 

The  following  identity  (Kaya,  1989)  helps  explain  why  projections  differ: 

The  growth  rate  in  CO^  =  the  growth  rate  in  GDP 

-  the  decline  rate  of  decline  of  energy  use  per  unit  of 

output 

-  the  decline  rate  ^f  !?le<^|}e^of  COj  emissions  per  unit  of 

energy  use 

The  models  employed  common  assumptions  about  GDP  growth,  but  they  differed  with 
regard  to  the  last  two  terms  in  the  identity.  The  more  optimistic  the  models  were  about 
the  prospects  for  reducing  energy  intensity  or  the  availability  of  low-cost  substitutes,  the 
lower  their  COj  growth  rates. 

The  reference  case  in  Figure  9.3  represents  the  average  of  the  model  results.  If 
emissions  continue  to  rise  in  the  absence  of  controls,  increasing  amounts  of  carbon  must 
be  removed  from  the  energy  system  in  order  to  maintain  a  given  level  of  emissions.  [IF 
EMISSIONS  RISE,  YOU  CANT  LOGICALLY  MAINTAIN  A  GIVEN  LEVEL  OF 
EMISSIONS,  CAN  YOU?  OR  IS  THE  IDEA  THAT  INCREASING  AMOUNTS  OF 
CARBON  WOULD  HAVE  TO  BE  REMOVED  LATER  TO  REACH  A  GIVEN  LEVEL 
OF  EMISSIONS  THAN  IF  EMISSIONS  WERE  STABILIZED  AT  THAT  LEVEL 
NOW?] 

[strikeout  para,  but  note  that  Fig.  93  should  be  referenced  in  text] 

9.2.1.1.3  Carbon  taxes 

The  modellers  generally  used  taxes  based  on  the  carbon  content  of  fossil  fuels  in  order 
to  achieve  a  prescribed  emission  reduction.  The  magnitude  of  the  tax  provides  a  rough 
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estimate  of  the  degree  of  market  intervention  that  would  be  required  to  achieve  a  given 
emission  target. 

Table  9.3  compares  model  results  for  the  stabilization  and  20%  reduction 
scenarios.  Estimates  range  from  $20  to  $150  per  tonne  for  the  carbon  taxes  required  to 
hold  emissions  at  1990  levels  in  2010.  Estimates  of  the  carbon  taxes  required  to  reduce 
emissions  by  20%  below  1990  levels  in  2010  range  from  $50  to  $330  per  tonne. 

Two  parameters  are  particularly  important  in  explaining  the  differences  in  tax 
projections:  the  price  elasticity  of  energy  demand  and  the  speed  with  which  the  capital 
stock  adjusts  to  higher  energy  prices.  Neither  were  controlled  in  the  EMF  experiments 
but  were  left  to  the  choice  of  the  modellers.  Not  surprisingly,  those  models  using  lower 
price  elasticities  required  higher  taxes  to  achieve  the  same  emission  goal.  Those  models 
which  assumed  greater  malleability  of  capital  required  lower  taxes. 

The  wide  spread  in  the  numerical  results,  however,  should  not  obscure  the  fact 
that  the  models  were  in  agreement  on  a  number  of  important  points.  First,  despite  the 
inclusion  of  improved  technologies  and  improved  energy  efficiencies  in  the  reference 
case,  all  of  the  models  projected  that  intervention  would  be  required  to  achieve  the 
emission  targets. 

Secondly,  the  size  of  the  required  tax  increases  with  the  stringency  of  the  carbon 
limit.  The  tax  paths  shown  in  Figure  9.4  represent  averages  of  the  model  results.  Note 
that  the  size  of  the  required  tax  doubles  as  the  limit  is  tightened  to  20%  below  1990 
levels  and  nearly  doubles  again  for  a  50%  reduction.  This  suggests  that  the  economic 
efforts  to  be  devoted  are  nonlinear  with  respect  to  the  level  of  controls  in  any  given  year. 
That  is,  incremental  reductions  are  apt  to  cost  more  as  the  absolute  level  of  allowable 
emissions  is  reduced. 

Figure  9.4  also  suggests  that  the  size  of  the  carbon  tax  is  apt  to  vary  over  time  - 
even  for  the  same  target.  Recall  that  the  purpose  of  the  tax  is  to  raise  the  price  of 
carbon-intensive  fuels  to  the  point  where  consumers  will  turn  to  price-induced 
conservation  and  less  carbon-intensive  supply  alternatives.  Hence,  the  size  of  the  tax  is 
determined  by  the  cost  differential  between  the  marginal  sources  of  supply  with  and 
without  a  carbon  constraint.  This  cost  differential  is  apt  to  change  over  time. 

9.2.1.1.4  GDP  losses 

Table  9.4  shows  a  marked  variation  in  GDP  losses  across  models.  Stabilizing  emissions  at 
their  1990  levels  is  estimated  to  reduce  GDP  by  0.2  -  0.7%  in  the  year  2010  -  roughly  a 
$20  billion  to  $70  billion  loss  for  that  year.  Estimates  of  the  costs  of  reducing  emissions 
by  20%  below  1990  levels  in  the  year  2010  range  from  0.9%  to  1.7%  of  GDP. 

In  making  these  calculations,  the  modellers  assumed  a  lump  sum  redistribution  of 
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tax  revenues.  That  is,  tax  revenues  are  used  to  replace  other  tax  payments  by  individuals 
and  corporations  without  affecting  marginal  tax  rates  or  total  tax  revenues.  The  GDP 
losses  calculated  in  this  maimer  measure  the  cost  of  the  distortions  to  the  economy 
caused  by  the  imposition  of  the  carbon  tax.  There  are  no  credits  or  penalties  for  lump 
sum  recycling  of  tax  revenues.  The  assumption  of  lump  sum  recycling  avoids  confusing 
the  economic  impacts  of  carbon  taxes  with  costs  or  benefits  attributable  to  potential  uses 
of  the  revenues. 

Figure  9.5  shows  the  average  GDP  losses  across  models.  Holding  emissions  at 
1990  levels  results  in  a  0.3%  loss  in  2000.  This  rises  to  1.5%  by  the  middle  of  the  next 
century.  That  GDP  losses  increase  over  time  should  come  as  no  surprise.  Increasing 
amounts  of  carbon  must  be  removed  from  the  energy  system  in  order  to  hold  emissions 
to  a  particular  target.  GDP  losses  also  increase  with  the  stringency  of  the  target.  With  a 
20%  reduction,  losses  exceed  2%  of  GDP  in  2050.  With  a  50%  reduction,  losses  exceed 
3%  of  GDP. 

Interestingly,  GDP  losses  for  a  given  year  are  influenced  by  expectations  about 
limits  in  future  years.  All  three  emission  reduction  scenarios  require  that  emissions  be 
stabilized  at  1990  levels  by  the  year  2000.  Yet  losses  are  higher  in  2000  for  the  scenarios 
that  eventually  require  further  reductions.  The  reason  is  that  energy  investments  are 
typically  long  lived.  Consumers  and  producers  will  be  influenced  by  their  expectations 
about  the  future. 

9.2.1.1.5  The  nature  of  the  GDP  losses 

Figure  9.6  is  helpful  in  understanding  the  nature  of  the  GDP  losses.  Losses  occur  when 
the  carbon  taxes  lead  to  investments  that  are  more  expensive  than  those  that  would  take 
place  in  the  absence  of  the  taxes.  Economists  refer  to  these  as  deadweight  losses.  The 
higher  the  carbon  taxes,  the  greater  the  investment  in  price-induced  conservation  and  the 
more  fuel  switching  toward  the  less  carbon-intensive  substitutes.  Hence,  the  higher  the 
deadweight  losses. 

In  the  reference  case,  carbon  emissions  and  GDP  grow  at  average  annual  rates  of 
1.0%  and  2.2%  respectively.  In  the  absence  of  carbon  taxes,  there  is  some  minor  fuel 
switching  toward  more  carbon  intensive  fuels,  but  this  is  more  than  offset  by  the  decline 
in  energy  use  per  unit  of  economic  activity.  (Note  that  the  top-down  models,  on  average, 
project  sizable  reductions  in  energy  intensity  -  even  in  the  absence  of  explicit  measures 
to  reduce  emissions.) 

In  the  stabilization  case  (the  right-fiiesthand  bar  in  Figure  ),  the  carbon  taxes 
induce  sufficient  investment  in  supply-side  substitutes  and  conservation  to  eliminate 
growth  in  carbon  emissions.  That  is,  carbon  emissions  and  GDP  are  virtually  decoupled. 
Note  that  this  is  done  without  significantly  reducing  the  growth  of  the  economy.  Whereas 
the  losses  may  be  considered  large  in  absolute  terms,  they  are  relatively  small  when 
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measured  in  terms  of  a  reduction  in  the  GDP  growth  rate. 

9.  Z  1.1. 6  The  relationship  between  timing,  emission  reduction  costs,  and  research  and 
development 

The  EMF  study  also  addressed  the  issue  of  the  timing  of  the  carbon  constraint.  An 
important  question  is  whether  the  costs  of  CO2  emission  reduction  will  increase  or 
decrease  if  emissiori  reductions  are  deferred  to  the  future.  This  is  a  complex  issue.  If 
marginal  costs  increase  with  the  level  of  emission  reduction  in  each  period,  deferring  a 
tonne  of  emission  control  from  the  near  term  to  a  more  distant  time  could  raise  costs,  all 
else  being  equal.  But  all  else  is  not  equal. 

There  are  three  reasons  why  deferring  emission  reductions  may  reduce  costs 
(Leary  and  Scheraga,  1994).  First,  large  emission  reductions  in  the  near  term  will  require 
accelerated  replacement  of  the  existing  capital  stock.  This  is  apt  to  be  costly.  There  will 
be  more  opportunities  for  reducing  emissions  cheaply  once  the  current  capital  equipment 
turns  over.  Secondly,  the  availability  and  cost  of  technologies  for  fuel  switching  will 
improve  over  time.  As  a  result,  the  costs  of  reducing  a  toiuie  of  carbon  will  decline. 
Finally,  even  if  the  costs  of  removing  a  tonne  of  carbon  were  the  same  in  all  periods,  a 
positive  discount  rate  will  favour  deferred  reductions.  Model  simulations  by  Cohan  et  al. 
(1992)  suggest  that  deferring  emission  reductions  can  reduce  costs  substantially.  For 
example,  they  find  that  delaying  the  target  date  from  2010  to  2015  for  stabilizing  U.S. 
emissions  at  20%  below  1990  levels  can  reduce  control  costs  by  as  much  as  20%. 

To  bound  the  potential  benefits  from  successful  research  and  development,  the 
EMF  modellers  were  asked  to  examine  an  "accelerated  R&D"  scenario  in  which  the  cost 
of  the  nonelectric  backstop  is  reduced  from  $100  to  $50  per  barrel  and  the  cost  of  the 
electric  backstop  is  reduced  from  75  to  50  mills/kWh.  In  such  a  scenario,  the  carbon-free 
backstops  are  economical  in  their  own  right.  That  is,  they  will  enter  the  marketplace 
even  in  the  absence  of  a  carbon  constraint. 

Four  models  (ERM,  Fossil2,  Global  2100,  and  CRTM)  were  used  to  examine  the 
accelerated  R&D  scenario.  The  models  were  remarkably  consistent  in  their  estimates  of 
the  potential  savings.  With  the  more  optimistic  technology  assumptions,  GDP  losses  for 
the  20%  emission  reduction  scenario  were  reduced  by  approximately  65%.  This  implies 
that  approximately  35%  of  the  discounted  losses  are  incurred  during  the  transition.  The 
remaining  costs  accrue  once  we  enter  into  the  backstop  phase,  that  is,  once  the  backstops 
are  available  in  unlimited  quantities. 

9.2.1.1.7  The  issue  of  revenue  recycling 

The  overall  impact  of  a  carbon  tax  will  depend  not  only  on  the  size  of  the  tax  but  also 
on  the  uses  to  which  the  revenues  are  put.  In  the  standard  EMF  scenarios,  it  was 
assumed  that  tax  revenues  will  be  redistributed  in  a  neutral  manner  (i.e.,  without 
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affecting  the  marginal  tax  rates).  There  are,  of  course,  numerous  ways  in  which  tax 
revenues  can  be  used.  These  include  reducing  budget  deficits;  reducing  marginal  rates  of 
income,  payroll,  corporate,  or  other  taxes;  granting  tax  incentives  to  preferred  activities; 
or  increasing  the  level  of  government  expenditures.  The  costs  of  the  tax  will  vary  vndely, 
depending  on  how  the  revenues  are  recycled. 

Table  9.4  shows  the  range  of  GDP  losses  associated  with  a  carbon  tax  rising  from 
$15  per  ton  [tonne?J  in  1990  to  $40  per  ton  [tonne?]  in  2010,  with  alternative  methods 
of  recycling  the  revenues.  The  analysis  is  performed  using  four  different  economic 
mode^  of  the  U.S.  economy  (two  macroeconomic  models  and  two  general  equilibrium 
models).  The  first  alternative  recycling  method,  the  lump  sum  tax  cuts,  is  in  the  neutral 
manner  described  above. 

Note  that  the  GDP  costs  of  the  carbon  tax  vary  considerably  depending  on  how 
the  revenues  are  recycled.  In  some  models,  the  costs  are  more  than  offset  by  tax  policies 
that  encourage  investment.  On  the  other  hand,  one  model  suggests  that  the  GDP  costs  of 
the  tax  would  be  increased  over  the  neutral  case  if  the  revenues  were  used  simply  to 
reduce  the  government  budget  deficit.  Although  the  alternative  of  increasing  government 
expenditures  was  not  examined,  it  is  possible  that  such  a  policy  would  increase  the  GDP 
costs  of  the  tax  over  the  neutral  case  (see  Nordhaus,  1994). 


9.Z1.2  A  Review  of  Bottom-up  Studies 

Bottom-up  research  in  the  U.S.  and  Canada  has  tended  to  suggest,  as  elsewhere  in  the 
world,  that  significant  decreases  in  CO2  emissions  are  possible  without  great  cost  to  the 
economy.   In  this  sense,  their  results  differ  from  those  of  most  top-down  research,  the 
latter  suggesting  substantial  economic  costs  to  COj  emission  abatement.  The 
methodology  discussions  in  Chapter  8  reviewed  some  of  the  key  reasons  for  these 
differences. 

9.2.1.Z1  Variations  in  bottom-up  technology  and  policy  assumptions 

like  top-down  studies,  bottom-up  studies  result  in  a  wide  range  of  reduction  cost 
estimates.  Compared  with  top-down  studies,  the  structure  of  formal  models  in  bottom-up 
analysis  is  generally  less  important  for  the  results.  Instead  input  assumptions  are 
dominant.  Inspection  of  available  studies  shows  that  for  a  given  time  horizon  and 
geographic  region,  divergent  results  arise  mainly  from  differences  in  two  factors: 

the  quality  of  the  technical  analysis  from  which  supply  curves  for  energy  efficiency 
and  supplies  from  cogeneration  and  renewables  are  derived; 

the  assumed  effectiveness  of  policy  instruments  in  mobilizing  the  economically 
cost-effective  resource  potential. 
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Differences  in  technical  analysis.   Of  the  technical  factors,  the  most  important  ones  appear 
to  be  the  level  of  detail  in  analyzing  and  representing  supply  curves  for  technology 
options,  notably  those  for  demand-side  efficiency  improvements.  Bottom-up  studies  that 
rely  on  more  detailed  and  comprehensive  assessments  of  these  options  will  tend  to  arrive 
at  larger  efficiency  potentials  and  lower  costs  of  saved  energy  than  less  detailed  studies. 
Even  then,  uncertain  baseline  data  for  equipment  use  and  efficiency  in  individual  end 
uses  leave  some  room  for  disagreement  among  technologists. 

The  treatmeht  of  administrative  policy  costs  can  also  be  important.  Most  bottom- 
up  analyses  assume  that  energy  efficiency  standards  would  be  the  main  policy  tool.  These 
have  negligible  administrative  costs,  but  such  costs  can  be  more  substantial  in  some  types 
of  incentive  programmes.  State-of-the-art  studies  give  a  differentiated  treatment. 

Depending  on  the  scope  of  the  study,  additional  no-regrets  opportunities  may  be 
quantified.  These  are  lower  generating  costs  from  utility  regulatory  reforms,  savings  in 
acid  rain  and  other  pollution  control  expenditures  from  reduced  fossil  fuel  use,  the  cost- 
reducing  effects  of  monetizing  environmental  externalities  (other  than  climate  change), 
and  increased  cost-effectiveness  of  nonfossil  options  when  removing  fossil  fuel  price 
subsidies. 

Most  bottom-up  studies  do  not  quantify  the  feedback  effect  from  lower  energy 
demand  on  fuel  prices  or  the  further  effect  of  lower  fuel  prices  and  energy  service  costs 
on  cost-effective  energy  efficiency  levels  and  energy  demand.  As  a  result,  bottom-up 
studies  may  at  once  underestimate  feasible  economic  savings  from  carbon  reductions  and 
overestimate  the  amount  of  emission  reductions  that  market  transformation  policies  can 
bring. 

Differences  in  assumed  policy  effectiveness.   All  bottom-up  scenarios  of  future  energy 
demand  assume  that  policy  intervention  can  at  least  partially  shift  the  investment 
behaviours  of  consumers  and  firms  from  historically  suboptimal  patterns  to  economically 
optimal  choices.  At  one  end  of  the  spectrum,  it  is  assumed  that  policies  will  shift  every 
replacement  purchase  or  expansion  of  end-use  equipment  that  will  occur  over  the  time 
period  studied.  For  short  time  horizons  (10-20  years),  this  assumption  implies  that  a 
complete  shift  to  efficient  equipment  will  be  achieved  within  one  cycle  of  capital 
turnover.  This  assumption  is  almost  certainly  too  optimistic. 

At  the  other  end  of  the  spectrum,  some  bottom-up  studies  take  a  very  pessimistic 
view  in  which  current  political  difficulties  are  assumed  to  limit  the  more  widespread 
application  of  market  transformation  policies.  As  a  result,  the  savings  potential  is 
estimated  to  be  low. 

A  compromise  position  is  found  in  studies  using  longer  time  horizons  (30-40  years 
or  more).  Over  these  long  periods,  most  capital  goods  will  be  replaced  more  than  once, 
and  many  several  times.  Here,  least-cost  efficiency  levels  can  be  achieved  within  the  time 
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horizon,  even  if  policies  do  not  shift  all  or  most  investments  the  first  time  around.  The 
assumptions  about  the  effectiveness  of  policies  is  thus  more  realistic  in  these  studies. 


9.11.12  Key  study  assumptions  and  results 

In  this  section  we  survey  some  of  the  key  assumptions  and  results  in  the  studies  for  the 
U.S.  and  Canada.    Unfortunately,  there  has  not  yet  been  an  effort  to  undertake  a 
harmonized  comparative  exercise  of  U.S.  bottom-up  models,  as  has  been  the  case  with 
U.S.  top-down  models.  However,  a  survey  of  the  approaches  at  least  allows  for  some 
tentative  observations. 

An  overview  of  the  main  assumptions  and  results  of  the  major  U.S.  bottom-up 
studies  is  provided  in  Tables  9.6,  9.7,  and  9.8.  Most  studies  test  the  sensitivity  of  their 
results  to  changes  in  GDP  growth  rates.   Energy  prices  are  generally  assumed 
exogenously,  although  some  studies  have  attempted  to  incorporate  the  feedback  effects 
of  efficiency  measures  on  energy  prices.  RIGES,  for  example,  assumes  low-cost  fossil 
energy  in  2030  as  a  consequence  of  successful  implementation  of  energy  efficiency 
[REFERENCE?  OR  PREFERABLY  PROVIDE  REFERENCES  FOR  RIGES  AND  FEES 
IN  THE  TABLE.].  In  contrast,  Carlsmith  et  al.  (1990)  assume  high  rates  of  near-term 
energy  price  increases. 

Table  9.8  reconfigures  the  reported  results  from  Tables  9.6  and  9.7  in  a  manner 
that  facilitates  interpretation  for  policy  making.  Results  are  now  reported  in  terms  of  the 
percentage  reduction  below  the  level  of  base  year  emissions  that  was  found  to  have  zero 
net  cost.  The  base  year  variously  ranged  from  1985  to  1990.  The  reduction  cost  is 
reported  as  average  cost.   For  studies  where  negative  net  average  costs  were  reported, 
feasible  zero-net  cost  reductions  are  shown  with  a  "greater  than"  sign  to  indicate  that  the 
results  reported  do  not  include  reduction  options  up  to  the  intersection  point  with  the  x- 
axis. 

The  following  reductions  were  found  to  result  in  zero  net  costs: 

By  the  turn  of  the  century:  0-21%  (median  of  11%) 

By  about  2005-2010:  >0-26%  (median  of  13%) 

By  about  2015-2020:  >  23-58%  (median  of  41%) 

By  about  2025-2030:  >  61-82%  (median  of  72%) 


The  studies  were  not  normalized  in  terms  of  such  factors  as  economic  growth,  structural 
change,  fuel  prices,  technology  costs,  or  policy  effectiveness.  As  a  result,  the  above 
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reduction  ranges  are  wider  than  a  coordinated  analysis  based  on  uniform  assumptions 
would  have  found. 

Despite  these  wide  variations,  the  figures  show  a  consistent  pattern:  Within  the 
1990-2030  time  frame,  progressively  larger  reductions  become  feasible  at  zero  net  cost  as 
time  horizons  grow  longer.  And  for  any  given  reduction  target,  mitigation  costs  decline  as 
longer  adjustment  periods  are  allowed. 

This  pattern  reflects  two  major  factors:  first,  bottom-up  studies  identify  large 
energy  efficiency  potentials  that  are  not  exploited  in  the  reference  case,  due  to  the  high 
transaction  costs.  The  studies  assume  that  these  high  transaction  costs  will  be  reduced 
through  suitable  policy  interventions,  such  as  efficiency  standards,  least-cost  utility 
planning,  and  other  information  and  financial  incentive  programmes. 

Second,  most  energy  efficiency  improvements  are  introduced  at  the  "economic 
optimal"  rate  of  capital  stock  turnover,  with  the  more  long-lived  capital  goods  lasting 
twenty  to  thirty  years  or  more.  Due  to  this  synchronicity,  cost-effective  efficiency 
improvements  "keep  coming."continije  to  occur.  As  a  result,  bottom-up  studies  estimate 
"transition  benefits"  rather  than  "transaction  costs"  for  such  technology  shifts. 

Third,  cheap  cogeneration  opportunities  are  assumed  in  a  number  of  studies  to 
make  an  important  further  negative-cost  contribution.  Compared  to  separate  generation 
of  electricity  and  heat,  this  supply-side  technology  is  found  to  have  significant  cost- 
effective  resource  potentials.  They  are  typically  not  included  in  the  reference  case,  since 
business-as-usual  regulatory  regimes  do  not  sufficiently  control  monopolistic 
[monopsonistic?  It's  a  case  of  buyer  domination.]  utility  buy-back  practices.  Like  most 
energy  efficiency  improvements,  cogeneration  technologies  are  already  commercially 
available  and  thus  add  to  the  near-  to  medium-term    no-regrets  Ypotential. 

When  cost  estimates  are  compared  for  a  given  reduction  target,  the  results  of  the 
bottom-up  studies  listed  in  Tables  9.6,  9.7,  and  9.8  lie  within  a  reasonably  close  range, 
despite  considerable  differences  in  assumptions.  Most  cost  estimates  for  a  20%  reduction 
in  U.S.  COj  emissions  by  the  year  2010,  for  example,  range  between  -0.6  and  +0.5%  of 
GDP  (see  Table  9.7).  As  noted  in  section  9.2.1.2.1,  this  difference  is  explained  at  least 
in  part  by  the  nature  and  level  of  detail  of  the  input  assumptions  used  in  the  specific 
bottom-up  analysis.  The  RIGES  study,  for  instance,  assumes  100%  penetration  of 
markets  by  all  technologies  shown  to  be  cost-effective  in  an  engineering/economic 
analysis.  In  contrast,  Carlsmith  et  al.  constrained  their  model  to  link  all  market 
penetration  of  efficient  technologies  to  consumer  behaviour  parameters  (expressed  as 
price  elasticities)  and  policy  constraints  (expressed  as  efficiency  standards).  This  latter 
approach  did  not  lead  to  100%  market  penetration  by  efficient  technologies. 

Bottom-up  studies  for  Canada  were  compiled  and  reviewed  by  Robinson  et  al. 
(1993)  in  the  study,  Canadian  Options  for  Greenhouse  Gas  Emission  Reduction 
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(Robinson,  et  al,  1993).   Estimates  of  cost-effective  COj  emission  reduction  potential  by 
2010,  relative  to  a  reference  (or  baseline)  scenario,  ranged  from  20%  to  40%,  with  a 
median  of  about  23%.  Relative  to  1988  or  1990,  many  studies  showed  savings  in  energy 
use  or  emissions  of  between  10%  and  30%,  with  a  median  of  about  16%. 


922  Studies  of  the  Costs  of  Reducing  CO  2  Emissions  in  Other  OECD  Countries 

Much  of  the  early  work  on  the  costs  of  CO2  emission  reduction  was  U.S.-based  and,  as  a 
result,  tended  to  be  U.S.-focused.  More  recently,  there  has  been  a  flurry  of  analytical 
activity  elsewhere  in  the  OECD,  mainly  in  Western  Europe.  In  general,  these  country- 
specific  studies  have  had  relatively  shorter  time  horizons  than  in  the  U.S.,  focusing  on 
the  costs  of  stabilizing  emissions  in  2000  or  a  20%  reduction  by  2005  (the  'Toronto 
target"). 

9.2.2.1  A  Review  of  Top-down  Studies 

Top-down  studies  of  non-U.S.  OECD  countries  have  been  of  two  types:  those  focusing 
on  an  entire  region  or  a  subset  of  countries  and  those  focusing  on  individual  nations.  In 
this  section,  we  review  the  results  of  both.  As  with  the  U.S.  studies,  the  types  of  policies 
tested  have  been  limited,  for  the  most  part,  to  taxes  on  COj  and  energy  under  alternative 
domestic  fiscal  recycling  schemes. 

9.111.1  Regional  Studies 

One  notable  attempt  at  a  systematic  model  comparison  of  non-U.S.  OECD  models  was 
conducted  by  the  OECD  in  the  early  1990s  (Dean  and  Hoeller,  1992).  The  exercise  was 
patterned  after  the  parallel  study  being  undertaken  by  the  Energy  Modeling  Forum.  The 
two  studies  used  many  of  the  same  models  and  shared  a  common  set  of  input 
assumptions.  For  purposes  of  the  model  comparison,  the  OECD  was  divided  into  two 
regions:  the  U.S.  and  "other  OECD  countries." 

The  OECD  analysis  encompassed  both  the  transition  and  backstop  phases.  This 
long-term  perspective  is  useful  when  examining  issues  related  to  the  timing  of  the 
transition  away  from  fossil  fuels  and  the  potential  role  of  technical  innovation  in 
lowering  overall  costs  of  reducing  emissions. 

The  OECD  study  examined  a  range  of  emission  reduction  scenarios.  Among  the 
more  interesting  is  one  in  which  emissions  are  permanently  held  to  1990  levels.  Figure 
9.7  compares  aimual  GDP  losses  for  three  models:  ERM,  GREEN,  and  MR  [Is  MR  the 
Manne  and  Richels  Global  2100  model?].  The  models  are  fairly  consistent  in  their 
projections  of  losses  in  2010  -  between  0.3%  and  0.5%  of  GDP.  The  convergence  is  due 
in  part  to  the  standardization  of  key  input  parameters.  But  it  is  also  important  to  note 
the  aggregation  effect.  Combining  all  non-U.S.  OECD  countries  into  a  single  region 
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masks  important  intercountry  differences.  As  we  will  see  in  the  next  section,  the  variance 
around  the  mean  is  likely  to  be  large. 

The  models  are  in  less  agreement  as  we  move  beyond  2010.  The  differences  can 
be  traced  to  several  uncontrolled  parameters.  MR,  for  example,  employs  a  lower  rate  of 
autonomous  energy  efficiency  improvements  than  ERM  and  GREEN.  As  a  result,  its 
baseline  emissions  path  is  somewhat  higher.  More  carbon  must  be  removed  from  the 
energy  system  to  maintain  emissions  at  1990  levels.  Hence  annual  abatement  costs  are 
apt  to  be  higher. 

Assumptions  about  the  rate  at  which  backstop  technologies  can  enter  the  energy 
system  also  tend  to  be  important.  GREEN,  for  example,  assumes  a  more  rapid 
introduction  rate  than  the  other  models.  Hence  its  marginal  cost  of  emission  abatement 
is  lower  for  each  tonne  of  carbon  removed.  This,  coupled  with  the  lower  baseline,  easily 
explains  the  ranking  of  cost  estimates  among  the  three  models. 

Figure  9.8  shows  the  taxes  that  would  be  required  to  stabilize  emissions  at  1990 
levels.  The  results  from  ERM,  MR,  [SHOULD  WE  CHANGE  GLOBAL  2100  TO  MR 
THROUGHOUT  THE  MANUSCRIPT?]  and  GREEN  are  consistent  with  the  above 
discussion.  In  addition,  the  OECD  report  included  results  from  the  lEA  model.  This 
econometric  model  is  relatively  pessimistic  about  the  prospects  for  energy  conservation 
and  fuel  switching.  Hence,  high  energy  prices  are  needed  to  bring  down  emissions. 

9.2.2.1.2  National  Studies 

Figure  9.9  reports  the  results  of  a  number  of  non-U.S.  OECD  national  studies.  Annual 
GDP  losses  are  plotted  as  a  function  of  emission  abatement,  where  reductions  are 
measured  relative  to  the  model's  baseline  or  business-as-usual  emission  path.  Note  that 
the  story  is  quite  similar  to  that  for  the  U.S.  The  costs  of  emission  abatement  tend  to  be 
positive,  but  there  is  considerable  variation  in  the  magnitude  of  the  losses. 

Some  of  the  differences  are  to  be  expected,  particularly  when  they  are 
intercountry  in  nature.  Nations  differ  widely  in  indigenous  resources,  supply 
infrastructure,  and  energy-use  patterns.  Those  with  plentiful  natural  gas  supplies,  large 
existing  investments  in  carbon-free  alternatives,  and/or  low  energy  use  per  unit  of 
economic  activity  should  see  less  growth  in  carbon  emissions.  Hence,  less  carbon  will 
have  to  be  removed  from  the  energy  system  to  meet  a  specific  target. 

Intercountry  differences,  however,  do  not  explain  the  wide  variety  of  results  for  an 
individual  country.  Here,  as  in  the  case  of  the  U.S.,  we  must  turn  to  the  models  and  their 
underlying  assumptions.  Unfortunately,  sorting  out  the  reasons  for  the  disagreement  is 
more  difficult.  Unlike  the  EMF  exercise,  these  studies  were  conducted  independently. 
There  was  no  opportunity  to  standardize  key  inputs.  Nevertheless,  based  on  the 
discussions  of  the  previous  sections,  it  is  possible  to  identify  several  probable  causes  for 
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the  lack  of  consensus. 


The  national  studies  encompass  the  period  in  which  we  are  apt  to  be  most 
constrained  on  the  supply  side,  namely,  the  next  ten  to  fifteen  years.  During  this  time, 
the  fuel  switching  capability  will  be  mostly  restricted  to  switching  among  fossil  fuels. 
Consequently,  much  of  the  burden  for  the  emission  reductions  will  fall  on  the  demand 
side  of  the  energy  sector. 

The  potential  for  end-use  improvements  remains  one  of  the  more  controversial 
issues  in  the  greenhouse  debate.  The  wide  range  of  opinion  is  reflected  in  the  models. 
Those  which  are  optimistic  about  the  prospects  for  price-  and  nonprice-induced 
conservation  show  relatively  low  abatement  costs.  Conversely,  the  more  pessimistic 
models  tend  to  report  considerably  higher  losses. 

Assumptions  relating  to  what  is  going  on  in  other  countries  are  also  important.  In 
the  absence  of  an  explicit  model  of  global  world  trade,^  the  common  practice  is  to  adopt 
one  of  two  hypotheses:  (1)  unilateral  initiatives  -  which  places  an  upper  bound  on  trade 
losses,  or  (2)  initiatives  coordinated  at  an  OECD  or  European  Community  level  -  which 
places  a  lower  bound  on  trade  losses.  The  impact  of  a  tax  at  the  national  level  will  also 
vary  depending  upon  industrial  composition  (jjarticularly,  the  existence  of  large  energy- 
intensive  industries)  and  a  country's  dependence  on  international  trade. 

How  a  model  handles  preexisting  energy  taxes  is  also  important.  Many  countries 
rely  on  energy  taxes  as  a  major  source  of  revenue.  If  a  country  already  has  high  energy 
taxes,  it  will  require  a  larger  carbon  tax  to  achieve  a  given  percentage  increase  in  retail 
energy  price  levels.  This  means  that  the  deadweight  losses  are  apt  to  be  higher. 
Unfortunately,  models  differ  widely  in  their  treatment  of  preexisting  taxes  -  adding  yet 
another  reason  why  results  are  apt  to  differ.  (This  was  not  an  issue  in  our  review  of  U.S. 
analyses  since  U.S.  energy  taxes  are  much  lower  than  those  elsewhere  in  the  OECD. 
They  are  more  like  user  fees,  barely  covering  the  costs  of  highway  construction  and 
maintenance.) 

Still  another  reason  why  estimates  of  GDP  losses  differ  so  widely  relates  to  the 
revenue  recycling  issue.  The  national  models  embrace  an  even  wider  variation  of 
recycling  options  than  those  reported  for  the  U.S.  Indeed,  some  modellers  assume  that 
the  tax  revenues  are  removed  entirely  from  the  economy,  likening  an  imposition  of  a 
carbon  tax  to  the  oil  import  price  shocks  of  the  1970s.  As  one  would  expect,  this  leads  to 
much  higher  GDP  losses  than  would  be  the  case  if  the  revenues  were  used  to  stimulate 
investments  or  consumption  elsewhere  in  the  economy.  In  the  next  section,  we  look  at 
the  issue  of  revenue  recycling  in  some  detail. 

9.2.2.1.3.  The  effects  of  revenue  recycling  on  GDP  and  employment 

It  has  recently  been  advocated  that,  independently  of  their  intrinsic  environmental 
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merits,  carbon  or  energy  taxes  could  be  used  to  reduce  non-wage  labour  costs  and  thus 
increase  employment  in  Europe.  Many  European  countries  finance  not  only  their  public 
administration  but  also  their  health  system,  social  security,  and  teaching  system  by  raising 
funds  from  taxes  levied  directly  or  indirectly  on  wages.  This  way  of  meeting  these 
financial  requirements  raises  total  labour  costs  and  causes  structural  unemployment. 

In  some  countries,  taxes  on  labour  represent  nearly  half  of  total  hourly  labour 
costs.  These  taxes  create  a  wedge  between  what  an  employer  must  pay  for  an  hour  of 
labour  and  what  a  worker  receives,  and  thus  tend  to  reduce  both  labour  supply  and  the 
demand  for  workers.  There  is  considerable  evidence  to  suggest  that  this  tax  wedge,  in 
combination  with  existing  legal  or  contractual  minimum  wage  arrangements,  entails 
particularly  detrimental  employment  effects  for  low-skilled  or  unskilled  labor.  It  is  not 
surprising,  therefore,  that  the  revenue  recycling  debate  in  Europe  has  tended  to  focus  on 
shifting  the  tax  burden  from  labour  to  energy. 

Table  9.10  compares  the  results  from  several  studies  which  suggest  that  the  GDP 
losses  of  an  energy  tax  could  be  at  least  partially  offset  through  effective  revenue 
recycling  that  reduces  particularly  burdensome  taxes.  Where  the  agreement  among  these 
studies  breaks  down  is  in  whether  recycling  through  appropriate  cuts  in  other  taxes  can 
actually  increase  employment.  This  type  of  recycling  can  be  compared  either  with  a 
lump-sum  recycling  measure  or  with  the  baseline  scenario.  The  first  comparison  aims  at 
isolating  the  gains  from  corrections  of  fiscal  distortions  from  the  specific  dividend  yielded 
by  the  carbon/energy  tax;  the  second  comparison  assesses  the  overall  result  of  the 
reform  and  assumes  implicitly  that  concern  about  climate  change  facilitates  its 
acceptance.  Some  studies  suggest  that  the  negative  impact  on  employment  and  growth  is 
only  slightly  reduced,  while  others  suggest  that  an  energy  tax  recycled  through  a  payroll 
tax  cut  will  increase  employment. 

The  differences  among  the  modelling  results  can  be  explained  in  part  by  the 
choice  of  methodology.  Because  of  the  focus  on  short-  to  medium-term  time  horizons, 
the  majority  of  studies  for  Europe  have  been  carried  out  using  neo-Keynesian  models. 
Some  studies,  nevertheless,  employed  general  equilibrium  models  to  examine  the  period 
2000-2005:  namely,  Glomsrod  (1990)  for  Norway,  Proost  et  al.  (1991)  for  Belgium, 
Bergman  (1991)  for  Sweden,  and  Conrad  (1991)  for  Germany.  In  these  studies,  carbon 
taxes  were  used,  in  general,  to  maintain  a  given  level  of  COj  emissions,  assuming  lump- 
sum recycling.  The  results  are  not  surprising.  The  loss  in  GDP  is  relatively  low  for 
reductions  of  up  to  10%  to  20%  from  the  baseline  (below  0.2%  of  the  GDP)  but  rises 
dramatically  as  the  target  is  increased.  This  is  because  these  studies  are  pessimistic  about 
the  necessary  tax  level  required  to  achieve  a  25-30%  reduction  from  baseline  emissions 
in  2000-2005  (e.g.,  380  $/t  in  Belgium,  100  $/t  in  Norway,  195  $/t  in  Sweden.  GDP 
reductions  of  approximately  2.5%  are  found  in  some  studies.  It  is  important  to  note  that 
such  studies,  however,  typically  ignore  the  effects  of  correcting  distortions  in  the  existing 
tax  system. 
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Neo-Keynesian  models  embed  more  rigidities  and  allow  for  unemployment  in  the 
short  run  in  response  to  shocks  to  the  economy  and  for  structural  unemployment  due  to 
inadequate  demand  for  labour.  Recycling  through  payroll  tax  reductions  can  increase 
demand  for  labour  and  reduce  both  cyclical  and  structural  unemployment.  In  both  types 
of  models,  other  factors  may  also  be  responsible  for  increased  employment.  For  example, 
energy  taxes  may  cause  labour  to  be  substituted  for  energy  and  technical  progress  to  be 
biased  to  save  energy  and  use  labour. 

Many  studies  have  been  carried  out  at  a  national  level,  and  it  is  impossible  to 
analyze  them  in  detail.  Beyond  the  specifics  of  the  national  context,  comparison  is  made 
difficult  by  the  variety  of  ways  in  which  the  models  handle  preexisting  energy  and 
nonenergy  taxes  and  in  which  a  carbon  or  energy  tax  is  levied.  Nevertheless,  some  useful 
insights  can  be  derived.  For  example,  a  study  by  Erasme  originally  placed  the  costs  of  a 
carbon  and  energy  tax  in  France  at  1.5%  of  GDP  in  2000,  assuming  lump  sum  recycling 
of  tax  revenues  (Beaumais,  1992).  In  a  subsequent  study,  applying  a  complex  mix  of 
recycling  measures  (decreased  payroll  taxes,  incentives  to  energy  efficiency),  the  same 
team  calculated  GDP  gains  (of  0.5%  to  0.93%)  from  an  identical  tax  (Godard  and 
Beaumais,  1993)).  In  the  same  way,  connecting  a  bottom-up  approach  with  a 
macroeconometric  long-term  model,  Walz  et  al.  (1994)  link  a  40%  COj  reduction  up  to 
2020  in  Germany  with  an  increase  of  GDP  of  between  0.2%  and  0.7%. 

In  the  English  context.  Barker  (1994)  and  Barker,  Baylis,  and  Bryden  (1994)  point 
out  that  results  differ  according  to  the  product  on  which  the  excise  tax  is  levied.  Indeed, 
they  show  that  a  road  duty  increase  in  the  UK  is  likely  to  reduce  inflation  (when  the 
revenues  are  recycled  via  reductions  in  employment  taxes)  and  raise  employment. 

Difficulties  in  comparative  analysis  are  less  important  when  the  same  measure  is 
analyzed,  which  was  the  case  with  studies  of  a  proposal  for  limiting  COj  emissions  put 
forth  by  the  European  Commission  (European  Commission,  1992).  This  proposal,  which 
called  for  levying  new  taxes  on  most  major  sources  of  energy,  was  perhaps  the  most 
widely  discussed  emission-control  initiative  in  Europe.  The  taxes  would  be  based  partly 
on  carbon  and  partly  on  energy  content.  Using  oil  as  a  point  of  reference,  the  tax  would 
level  off  at  $10  per  barrel  in  the  year  2000.  Nuclear  energy  and  large-scale  hydroelectric 
projects  would  be  taxed  at  a  lower  rate  -  approximately  50%  of  that  of  carbon-intensive 
fuels. 

Several  studies  have  attempted  to  quantify  the  macroeconomic  impacts  of  the  EC 
proposal.  Table  9.10  reports  results  from  the  HERMES,  QUEST,  DRI,  and  HERMES- 
LINK  models.  It  compares  a  case  without  tax  recycling  with  different  recycling  schemes. 
In  all  cases  lump-sum  recycling  entails  net  costs.  The  payroll  tax  cut  is  demonstrated  to 
be  more  efficient  than  a  personal  income  tax  cut  in  the  European  context.  Interestingly, 
recent  HERMES-LINK  (Bureau  du  Plan-Erasme,  1993)  and  QUEST  (European 
Commission,  1994)  simulation  results  arrive  at  a  net  positive  impact.  The  employment 
effects  tend  to  be  particularly  favourable  when  the  energy  taxes  are  simultaneously 
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introduced  by  several  countries  and  when  the  compensatory  reduction  in  social  security 
contributions  is  targeted  to  the  low-skilled. 

A  more  detailed  picture  of  effects  on  GDP,  private  consumption,  employment, 
and  inflation  is  given  in  Table  9.11,  which  reports  results  based  on  the  HERMES  and 
DRI  models  for  six  countries.  Note  that  in  the  case  of  HERMES,  the  carbon/energy  tax 
would  result  in  a  net  positive  effect  on  employment  for  all  the  countries  and  a  slight 
increase  in  GDP  for  four  of  them.  In  the  case  of  the  DRI  model  the  results  are  less 
optimistic  and  do  not  yield  a  double  dividend  that  would  totally  offset  the  costs  of  a 
carbon  tax;  this  is  due  in  part  to  differences  in  model  structure.  Nevertheless,  the 
comparison  captures  the  likely  range  of  impacts. 

9.2.2.1.4  The  effectiveness  of  energy  and  carbon  taxes 

If  the  taxes  were  restricted  to  carbon-based  fuels,  the  impacts  would  be  unambiguous. 
Carbon  taxes  reduce  COj  emissions  both  through  their  effects  on  energy  consumption 
and  also  through  fuel  choice.  However,  the  EC  proposal  represents  a  departure  from  this 
pure  case  by  not  only  aiming  to  limit  COj  emissions  but  also  to  achieve  other  objectives 
such  as  energy  efficiency  in  general.  Coupling  an  energy  tax  to  a  carbon  tax  will  lead  to 
additional  conservation,  but  it  will  also  have  an  impact  on  fuel  choice.  By  raising  the 
price  of  carbon-free  substitutes,  the  proposal  will  reduce  incentives  for  fuel  switching. 

Several  analysts  have  looked  at  this  issue  and  found  that  extending  a  carbon  tax  to 
other  forms  of  energy  reduces  the  effectiveness  of  measures  to  reduce  CO2  emissions. 
That  is  because  taxing  noncarbon-based  fuels  provides  a  disincentive  for  fuel  switching. 
Table  9.12  compares  the  results  from  four  such  studies. 

These  analyses  could  be  criticized  from  a  bottom-up  perspective  because  they  rely 
on  econometric  assumptions  and  neglect  the  role  of  accompanying  measures  apt  to 
accelerate  the  adoption  of  energy  efficient  equipment.  Moreover,  such  stylized  model 
simulations  neglect  important  institutional  characteristics  of  the  European  energy  market 
(for  example,  natural  gas  prices  are  effectively  linked  to  mineral  oil  prices,  as  there  is  no 
gas-to-gas  compeution,  and  the  decision  to  build  nuclear  power  stations  is  significantly 
influenced  by  political  choices).  They  therefore  tend  to  overstate  the  likely  actual 
difference  between  carbon  and  energy  taxes. 

These  analyses,  however,  provide  important  insights  into  the  impact  of  other 
environmental  concerns  on  CO2  abatement  and  illuminate  the  importance  of  the  trade- 
off between  reductions  of  COjemissions  and  broader  energy  efficiency  goals.  This  loss  in 
terms  of  COj  reduction  seems  more  important  in  Germany  (between  35%  and  49%)  and 
in  the  UK  (32.5%  for  the  HERMES-MIDAS  model)  than  in  France  (20%),  where  the 
shift  of  electric  supply  towards  nuclear  energy  has  been  completed  during  the  past  two 
decades. 
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9.1Z2A  Review  of  Bottom-up  Studies 

This  section  principally  summarizes  and  compares  the  results  of  major  co-ordinated 
bottom-up  studies  for  Europe.  It  also  accounts  for  studies  in  other  regions  such  as  the 
Pacific  area,  Australia,  and  New  Zealand.  Studies  for  other  countries  are  less  available. 
The  main  differences  in  results  are  discussed  in  relation  to  different  input  and  baseline 
scenario  assumptions  and  to  modelling  methodology.  The  studies  considered  are: 

the  CEC  [CEC  =?1  DG  XII  JOULE  (1991a,  b)  "Cost-effectiveness  analysis  of 
CO2  reduction  options"  studies  (sometimes  also  called  the  Crash  Programme), 
covering  nine  European  Union  countries  and  carried  out  by  JOSS  COHERENCE 
psearch  teal  [IS  THERE  ANY  INSTITUTIONAL  AFFILIATION  WE  SHOULD 
MENTION?]  and  a  group  of  [other]  European  teams  ; 

the  United  Nations  Environment  Programme  (UNEP)  International  Project  for 
Sustainable  Energy  Paths:  country  studies  for  Denmark,  France,  and  the 
Netheriands  (UNEP,  1994b); 

iB'e 'five-country  IPSEP  (1993) 'study,  covering  five  countries; 

fli^:g^ug3g;gt^|rX,ETSAP  study  <Kram,  1993); 

Johansson  and  Bodlund  (1989)  on  Sweden; 

the  Australian  Bureau  of  Agricultural  Resource  Economics  (ABARE)  MENSA 
study  (1994,  199SNaughten  et  al.,  1994)  on  Australia; 

the  German  Parliamentary  Enquete  Commission  (Enquete  Kommission  des 
deutschen  Bundestages,  1991,  1993  [REF  LIST  HAS  ONLY  199L  SHOULD  THE 
SECOND  REFERENCE  BE  BMU,  1993?]). 
[PLEASE  SPELL  OUT  IPSEP  AND  ETSAP] 

9.12.11  Methodology  of  the  Studies 

The  CEC  study  adopted  a  uniform  modelling  methodology,  the  EFOM  linear 
optimization  model  developed  by  the  research  programme  of  the  European  Community. 
In  the  UNEP  studies,  a  common  methodological  framework  was  applied  across  countries, 
comprising  uniform  assumptions  on  technology  input  data,  time  horizons,  and  cost 
definitions.  The  Netherlands  study  used  the  MARKAL  linear  optimization  model, 
whereas  the  French  study  relied  on  a  bottom-up  simulation  framework  combined  with  a 
static  general  equilibrium  model.  The  Danish  study  used  an  integrated  energy  system 
simulation  model. 

The  IPSEP  studies  defined  a  common  methodological  framework  and  uniform 
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assumptions  like  those  of  the  UNEP  studies.  The  customized  scenario  modelling  in  the 
IPSEP  project  involved  a  combination  of  detailed  assessment  of  potential,  cost,  and 
behaviour  related  to  energy  end-use  demand  and  supply  options.  The  participating 
countries  were  the  UK,  the  Netherlands,  Italy,  Germany  and  France. 

The  ETSAP  project  was  a  comparable  assessment  for  nine  countries  using  the 
MARKAL  model  with  consistent  cost  and  technology  assumptions.  The  participating 
countries  were  Belgium,  Italy,  the  Netherlands,  Norway,  Sweden,  and  Switzerland, 
together  with  the  non-European  countries  (the  USA,  Japan,  and  the  provinces  of  Ontario 
and  Quebec  in  Canada).  Extension  of  this  MARKAL-based  comparison  to  Australia  was 
independently  undertaken  (Dixon  et  al.,  1994  [IS  THIS  A.  DICKSON,  AS  IN  REF.LIST? 
SHOULDN'T  THIS  BE  NAUGHTEN  ET  AL.,  1994?)  using  the  MENSA  model  of  the 
Australian  Bureau  of  Agricultural  and  Resource  Economics.  An  innovation  in  this  study 
was  to  incorporatethe  incorporation  of  greenhouse  gases  other  than  COj  that  are  emitted 
from  the  energy  system. 

The  study  by  Johansson  and  Bodlund  did  not  use  any  formalized  modelling 
framework  but  focused  on  the  assessment  of  technologies  and  their  emission  reduction 
potential. 

An  overview  of  the  methodologies  and  models  is  given  in  Tables  9.31  and  9.32. 
[THESE  REFERENCES  ARE  NOT  CORRECT.  PLEASE  ADJUST.] 

9.2.2.2.2  Main  Objectives  and  Definitions 

The  primary  aims  of  the  European  bottom-up  studies  have  been  to  demonstrate  the 
existence  of  an  energy  savings  potential  with  negative  or  low  economic  cost  and  to 
analyze  the  cost-effectiveness  of  energy  supply  and  demand  options  for  achieving  a 
certain  emission-reduction  goal.  An  important  outcome  of  such  a  cost-effectiveness 
analysis  is  to  enable  intercountry  comparison  of  reduction  costs. 

The  study  results  are  highly  dependent  on  the  assumptions  about  energy  efficiency 
measures  included  in  the  baseline  scenario.  The  CEC  report  and  the  ETSAP  project 
assumed  that  all  profitable  efficiency  measures  were  included  in  the  baseline,  which 
meant  that  all  emission  reduction  options,  by  definition,  would  have  positive  costs  in 
these  analyses.  However,  in  the  MARKAL-based  study,  the  baseline  was  designed  to 
exclude  energy  efficiency  devices  and  policy  responses,  both  in  road  passenger  transport 
(Naughten,  et  al.,  1993)  and  in  the  residential  sector  (Naughten,  et  al.,  1994;  Naughten 
and  Dkon,  1995). 

In  the  UNEP  studies,  Denmark,  the  Netherlands,  and  France  followed  different 
principles  for  baseline  definition.  Denmark  defined  its  baseline  to  include  the  persistence 
of  some  major  inefficiencies,  implying  that  a  large  potential  for  no-regrets  emission 
reduction  options  was  found.  The  French  study  accounted  for  transaction  costs  for 
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adopting  more  efficient  technologies,  and  the  Dutch  study  assumed  the  baseline  to  be 

efficient. 

The  IPSEP  and  Johansson  and  Bodlund  studies  included  major  inefficiencies  in 
their  baselines  and  found,  consequently,  a  significant  potential  for  no-regrets  options. 

9.2223  The  Results 

Despite  differences  in  baseline  definition,  all  the  studies  demonstrated  the  existence  of 
an  economic  potential  for  the  reduction  of  CO2  emissions  at  negative  or  low  costs.  At 
the  same  time,  the  results  demonstrated  that  the  basic  assumptions  have  an  important 
bearing  on  the  existence  and  possible  implementation  of  no-regret  options.  This  can  have 
a  significant  effect  on  the  total,  average,  and  marginal  costs  of  reductions. 

The  main  results  of  the  European  CO2  Crash  Programme  (CEC)  study  are  shown 
in  Figures  9.10  and  9.11  and  in  Table  9.13.  The  study  found  that  it  is  less  costly  for  the 
UK,  Germany,  and  Denmark  to  reduce  emissions  fi-om  current  levels  than  for  Greece 
and  Spain.  The  study  estimated  neglible  costs  associated  with  10%  reductions  in 
emissions  from  present  levels  for  the  former  three  EC  members.  For  the  latter  two,  even 
to  keep  emissions  constant  at  today's  levels  would  require  substantial  investment  in 
energy  conservation  schemes  or  investment  in  non-fossil  fuel  technologies. 

Baseline  COj  emissions  range  from  a  drop  of  3%  by  2010  in  Luxembourg,  to 
stabilization  for  Germany,  and  to  increases  of  72%  and  86%  for  Greece  and  Portugal 
respectively  (all  from  current  levels).  Some  of  this  variation  can  certainly  be  explained  by 
intercountry  variations  in  industrial  structure,  capital  stock  constraints,  and  different 
national  energy  systems.   However,  the  national  baseline  projections  and  cost 
assessments  still  show  larger  differences  than  would  be  expected  from  "real"  differences 
in  energy  systems  and  economic  development  patterns. 

One  of  the  main  explanations  behind  the  widely  varying  national  cost  assessments 
is  the  heterogeneity  of  the  national  technology  data  used  in  the  analyses.  Differences  in 
economic  growth,  for  instance,  for  Spain  and  Greece,  could  partly  explain  the  high 
marginal  emission  reduction  cost  in  these  countries  but  cannot  fully  explain  all 
intercountry  differences.  It  seems  surprising,  for  example,  that  France,  with  an  energy 
system  characterized  by  a  large  installed  nuclear  capacity,  arrives  at  an  abatement  cost 
very  similar  to  that  of  Britain  and  Germany,  while  Italy  arrives  at  a  lower  cost.  This  is  in 
contrast  to  the  fact  that  the  scope  for  manoeuvre  in  the  power  sector  is  much  higher  in 
the  latter  three  countries,  due  to  the  dominance  of  conventional  power  production,  than 
in  France. 

The  CEC  study  also  assessed  the  potential  for  negative  cost  energy  efficiency 
improvements  for  the  countries.  This  was  done  by  the  construction  of  a  MURE  scenario 
in  which  the  end-use  savings  measures  were  embedded.  It  was  estimated  that  the 
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implementation  of  these  negative  cost  options  would  lead  to  a  6%  decrease  in  COj 
emissions  in  2010  from  the  1988  level  for  Germany,  stabilization  in  Denmark,  and 
increases  of  52%  and  82%  for  Greece  and  Portugal  respectively. 

The  CEC  study  was  a  pioneering  study  in  the  development  of  the  methodology  of 
comparative  cost  assessment  between  countries  and  produced  important  methodological 
lessons  on  the  requirements  for  uniformity  in  national  scenario  and  technology 
assumptions.  This  experience  has  induced  CEC  to  organize  a  homogeneous  new  d^ta 
collection  on  efficient  energy  technologies. 

Differences  in  assessed  reduction  potential  and  costs  are  also  seen  in  the  UNEP 
studies  for  Denmark,  the  Netherlands,  and  France.  These  differences  are  consistent  with 
"real"  variations  between  the  countries  in  the  carbon  content  of  their  energy  systems  and 
in  baseline  definitions.  Denmark  and,  to  a  lesser  degree,  the  Netherlands  have  high 
emission-reduction  potentials  as  a  consequence  of  carbon-intensive  power  production 
systems.  In  the  French  country  study,  certain  more  costly  transportation  sector  measures 
are  included  because  reductions  in  electricity  supply  are  limited  and  end-use  demand 
options  are  assumed  to  have  positive  costs. 

The  Danish  study  assumed  that  the  emission  reduction  case  included  further 
profitable  efficiency  improvements  and  energy  end-use  savings  compared  with  baseline 
development.  These  measures  required   introduction  of  legislation  in  the  form  of  norms, 
efficiency  standards,  and  obligatory  connection  to  already  established  natural  gas  and 
district  heating  grids,  which  at  present  have  a  low  utilization  rate.  Other  options  with 
positive,  but  low  costs  were  wind  turbines  and  biomass  fuels.  The  Danish  options  are 
listed  in  Table  9.15. 

The  study  for  the  Netherlands  assumed  that  all  possible  efficiency  improvements 
in  the  energy  system  would  be  implemented  in  the  reference  case.  A  consequence  of  the 
"efficient"  definition  of  the  baseline  case  for  the  far-reaching  reduction  targets  includes 
energy  end-use  savings  amounting  to  3-4%  followed  by  the  use  of  costly  advanced 
technologies  such  as  COj-removal  technologies  and  the  importation  of  hydrogen  from 
the  Sahara.  The  emission  reduction  options  for  the  Netherlands  are  shown  in  Table  9.16. 

The  French  study  estimated  a  tax  rate  for  emission  reductions  in  a 
macroeconomic  model.  In  one  scenario  variant,  it  was  assumed  that  carbon  taxes  would 
be  combined  with  complementary  measures  in  the  energy  sector,  such  as  information, 
efficiency  standards,  research  and  development,  and  grants,  as  well  as  with  measures  in 
other  sectors.  The  tax  was  estimated  to  be  $187.5  per  tonne  of  COj  for  a  12.5% 
reduction  in  2005,  $75  per  tonne  of  COzfor  a  25%  reduction  in  2030,  and  $1425  per 
tonne  of  CO2  for  a  50%  reduction  in  2030.  The  lower  tax  rates  in  2030  compared  with 
2005  are  due  to  assumptions  relating  to  technical  progress. 

Despite  the  fact  that  the  UNEP  country  studies  followed  a  common 
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methodological  framework  (UNEP  1994a,  b,  c,)  the  results  still  show  differences  as  a 
consequence  of  different  baseline  approaches  and  emission-reduction  technology 
assumptions.  This  means  that  the  comparison  of  national  results  requires  a  detailed  and 
transparent  documentation  of  assumptions  and  national  modelling  frameworks  and  that 
the  marginal  emission  reduction  costs  caimot  be  compared  directly  between  the 
countries. 

Yet  another  approach  to  country  differences  is  taken  in  the  IPSEP  study.  Though 
the  analysis  started  from  baseline  data  and  demand  growth  projections  unique  to  each  of 
the  five  countries,  emphasis  was  placed  on  the  aggregate  carbon  reduction  potentials  and 
costs  in  the  five-country  region.  This  approach  reflects  current  plans  for  a  common 
internal  market  within  the  European  Union,  including  a  homogenization  of  the  policy 
frameworks  for  the  energy  sector. 

The  costs  and  potentials  for  conventional  fossil  supplies,  nuclear  power,  demand- 
side  efficiency,  cogeneration,  and  renewables  were  developed  in  several  substudies.  The 
costs  of  efficiency  resources  include  estimates  of  administrative  costs  developed  from  a 
review  of  market  transformation  policies  (standards,  financial  incentives  to  consumers, 
financial  incentives  to  manufacturers  of  efficiency  equipment,  and  utility  regulatory 
reforms)  in  Europe  and  the  U.S.  High/low  sensitivity  ranges  were  modelled  not  only  for 
fuel  prices  but  also  for  technology  and  administrative  programme  costs.  In  the 
behavioural  module  of  the  analysis,  assumptions  about  implementation  rates  were 
validated  on  the  basis  of  empirical  investigations  of  consumer  responses  to  market 
transformation  policies  (standards,  financial  incentives  to  consumers,  financial  incentives 
to  manufacturers  of  efficiency  equipment,  and  utility  regulatory  reforms).  The 
effectiveness  of  these  policies  was  expressed  in  terms  of  the  fraction  of  the  resource 
potentials  assumed  to  be  mobilized  by  2020.   Scenario  results  were  then  given  for  25%, 
50%,  75%,  and  100%  effectiveness. 

Figure  9.12  [THIS  FIGURE  IS  MISSING.  THE  ETSAP  FIGURE  HAS  BEEN 
SUPPLIED  BOTH  FOR  THIS  AND  FOR  9.122.33/9.U]   shows  results  for  the  least 
cost  (la)  and  minimum  risk  (lb)  cases  for  the  five  countries  combined,  based  on  four 
permutations  of  cost  assumptions.  Because  of  feedback  effects,  a  combination  of  low 
fuel  prices  and  low  technology  costs  is  considered  most  plausible.  For  this  combination, 
emissions  drop  by  40%  relative  to  1985  in  the  least-cost  case,  and  energy  service  costs 
drop  by  23%  relative  to  the  CEC  reference  case.  In  the  minimum  risk  case,  the  same 
combination  of  cost  assumptions  results  in  emissions  dropping  by  60%,  while  costs 
decline  20%. 

The  country-to-country  variations  of  the  IPSEP  study  are  smaller  than  in  other 
studies.  The  large  no-regrets  efficiency  potentials  found  in  all  five  countries  make  the 
differences  on  the  supply  side  relatively  less  important. 

Although  the  Swedish  exercise  of  1989  included  a  detailed  assessment  of  end-use 
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demand  options  similarly  to  the  IPSEP  study,  a  higher  abatement  cost  was  estimated. 
This  is  because  Swedish  COj  emissions  are  already  very  low  as  a  result  of  the  present 
use  of  hydro  power  and  nuclear  power.  In  the  future  these  two  supply  sources  will  be 
supplemented  and  substituted  respectively  by  fossil  fuels  because  of  the  implementation 
of  regulations  concerned  with  environmental  problems  other  than  COj  emissions. 

The  results  of  the  ETSAP  study  are  illustrated  in  Figure  9.13,  showing  the 
marginal  costs  in  the  year  2020  of  successive  carbon  emission  reductions  from  the  1990 
level.  There  are  wide  variations  among  the  countries.  Norway,  Sweden,  and  Switzerland  - 
which  now  emit  the  least  CO2  per  capita  -  would  be  among  those  measuring  the  highest 
cost  to  achieve  a  specific  further  reduction  in  COj  emissions.  The  Netherlands,  with  the 
assumed  availability  of  COj  removal  and  storage  options,  appears  able  to  make  the 
greatest  reductions  at  the  least  cost. 

In  addition  to  the  results  of  these  comparative  exercises,  it  is  worth  recalling  that 
one  of  the  largest  studies  of  energy  end-use  sectors,  the  German  Enquete  Commission 
study  (involving  150  studies  by  50  institutes),  identified  a  zero  cost  potential  of  16.5%  in 
Germany  compared  with  1981  levels  (Enquete  Kommission,  1991;  BMU,  1993). 

9..12,3.1   Time  Dependence  of  Abatement  Costs 

In  all  assessed  European  bottom-up  exercises,  the  slope  of  marginal  cost  curves,  notably 
after  a  certain  level  of  reduction  of  COj  emissions,  is  highly  dependent  on  the  package 
of  technologies  that  is  considered.  The  slope  may  be  very  steep  after  a  certain  level:  for 
instance,  in  the  Danish  UNEP  study,  abatement  costs  increase  from  10  $/t  to  200  $/t  if 
the  2030  reduction  goal  is  switched  from  25%  to  50%  (baseline  reference).  The 
introduction  of  more  technologies  into  the  analysis,  however,  tends  to  extend  the 
segment  of  the  cost  curve  where  marginal  costs  increase  slowly.  This  tendency  has  also 
been  seen  when  short-term  reduction  targets  are  compared  with  long-term  targets.  The 
marginal  emission  reduction  cost  decreases  with  time  for  similar  reduction  targets  (from 
baseline)  in  the  Danish  and  Dutch  UNEP  studies,  simply  because  more  technologies  are 
available. 

9.2.2.2.4   Vie  Dependence  of  the  Results  on  Input  Assumptions  and  Modelling  Approach 

Though  the  choice  of  models  in  bottom-up  analysis  may  have  some  effect  on  the 
calculated  carbon  reduction  costs,  these  results  cannot  explain  the  large  differences  in 
findings  between  the  CEC,  UNEP,  IPSEP  and  ETSAP  studies.  Differences  appear  to  be 
explained  mainly  by  two  factors:  the  assumptions  in  some  studies  that  the  reference  case 
is  already  more  or  less  economically  efficient,  and  the  use  of  a  limited  number  of 
possible  efficiency  improvements. 

More  systematic  research  on  the  importance  of  technology  assumptions  for  the 
results  of  bottom-up  studies  would  be  useful.   Optimization  models  may  encourage  the 
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use  of  more  historically  estimated  aggregate  data  on  end-use  demand,  and  in  some  cases 
this  may  imply  a  more  pessimistic  assessment  of  the  savings  potential.  However  studies 
have  also  shown  that  when  identical  data  on  efficiency  potentials  are  used,  optimization 
and  simulation  results  appear  to  converge.  Also,  optimization  models  are  being 
continuously  refined.  A  large  contribution  is  currently  being  made  to  provide  a  range  of 
standardized  algorithms  for  modelling  alternative  policy  programmes. 

Overall,  the  divergent  results  suggest  the  need  for  further  empirical  research  on 
how  end-use  market  efficiency  could  improve  the  implementation  of  end-use  options. 
Also,  comparative  bottom-up  modelling  exercises  should  be  done  in  which  identical 
national  data  sets  for  efficiency  potential  and  costs  are  combined  with  standardized 
assumptions  about  implemented  fi-actions  in  the  reference  case.  Such  an  exercise  has 
already  been  done  for  Denmark.  It  was  shown  that  uniform  input  assumptions  in  the 
EFOM  model  for  Denmark  and  the  Danish  UNEP  study  produced  very  similar  results 
(Morthorst,  1992). 

The  French  IMACLIM-NEXUS  [REFERENCE?]  study  shows  the  sensitivity  of 
the  results  to  the  assumptions  about  the  industrial  and  socioeconomic  content  of  the 
reference  scenario.  New  urban  policies  could  determine  a  change  of  fuel  consumption 
growth  between  now  and  2030  just  as  effectively  as  a  huge  carbon  tax  of  280  $/t. 

923  Studies  of  the  Costs  of  Reducing  CO 2  Emissions  in  Transitional  Economies 

The  term  economies  in  transition  is  often  applied  to  the  countries  of  the  former  Soviet 
Union  and  Eastern  Europe.  The  implication  is  that  market  reforms  are  underway.  The 
stage  of  the  transition  varies  dramatically,  however,  by  country,  and  there  is  no  certainty 
about  the  type  of  economic  institutions  likely  to  emerge  at  the  end  of  this  process  and 
the  type  of  development  pattern  which  will  ultimately  win  out. 

Modelling  emission  reduction  costs  for  the  formerly  planned  economies  is 
particularly  challenging.  The  region  has  a  long  history  of  highly  subsidized  energy  prices 
and  other  inefficiencies  in  the  structure  of  incentives.  Models  that  assume  the  existence 
of  market  mechanisms  will  miss  many  of  the  important  features  of  these  economies. 
Applying  equilibrium  models  to  planned  economies  assumes  that  planned  economies 
mimic  the  behaviour  of  market  economies.  This  assumption  is  impossible  to  accept 
empirically,  particularly  with  regard  to  energy  use. 

The  problem  is  further  complicated  by  the  fact  that  the  transition  process  per  se 
generates  a  state  of  crisis.  The  Russian  GDP,  for  example,  declined  by  18.5%  in  1992. 
Economic  activity  in  1993  was  lower  than  in  1985  (Bashmakov,  1994).  Standard 
econometric  techniques  derived  from  historical  records  cannot  be  consequently  applied 
without  caution.  Until  these  economies  achieve  a  more  stable  footing,  predictions  of 
future  growth  will  be  tenuous  at  best. 
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9.13.1  A  Review  of  Top-down  Studies 


The  problems  of  adapting  top-down  models  for  use  in  transitional  economies  explains 
the  dearth  of  applications  for  this  region  of  the  world  -  particularly  when  compared  to 
the  growing  body  of  analysis  being  amassed  on  developed  economies.  The  few  studies 
that  do  exist  were  conducted  by  Western  economists,  using  models  that  are  best  suited 
for  application  within  the  OECD.  This  is  not  to  imply  that  the  studies  are  without  merit. 
Indeed,  as  we  will  see  shortly,  they  have  yielded  some  useful  insights  about  the  costs  of 
emission  reduction:  Nevertheless,  as  we  move  beyond  the  OECD,  we  need  to  be 
increasingly  circumspect  in  the  interpretation  of  results. 

A  key  issue  in  extending  top-down  models  to  emerging  economies  is  the  treatment 
of  energy  subsidies.  Many  of  the  early  studies  showed  relatively  high  emission  reduction 
costs  (see,  for  example.  Dean  and  Hoeller,  1992).  Critics  claim  that  the  high  numbers 
reflect  "the  difficulties  top-down  studies  have  with  economies  undergoing  restructuring" 
(Grubb  et  al.,  1993).  They  argue  that  the  high  costs  are  due,  in  large  part,  to  a  failure  to 
adequately  capture  the  demand-side  impacts  of  subsidy  removal. 

There  is  some  validity  to  this  criticism.  The  removal  of  subsidies  will  result  in 
costless  conservation  in  addition  to  that  induced  by  the  AEEI  factor.  The  early  studies 
may  have  indeed  underestimated  the  potential  for  demand-side  savings.  (It  is  important 
to  note,  however  that  the  criticism  applies  more  to  the  choice  of  input  assumptions  than 
to  the  models  themselves.  The  models  are  not  inherently  limited  to  scenarios  in  which 
markets  clear.) 

The  importance  of  existing  market  distortions  is  underscored  in  a  modelling 
experiment  by  Manne  and  Schrattenholzer  (1993)  using  the  Global  2100  model.  They 
examined  the  sensitivity  of  emission  reduction  costs  for  emerging  economies  to  the 
presumed  size  of  the  subsidy.  They  found  that  the  removal  of  artificial  barriers  that 
insulate  domestic  consumers  from  international  price  movements  may  well  lead  to  a  drop 
in  carbon  emissions  over  the  next  several  decades. 

The  same  result  was  confirmed  in  a  subsequent  study  by  Manne  and  Oliveira- 
Martins  (1994).  They  used  the  GREEN  and  12RT  models  to  estimate  the  taxes  required 
to  stabilize  emissions  at  1990  levels.  Importantly,  price  reforms  and  the  removal  of 
energy  subsidies  were  included  in  the  "baseline"  scenario.  This  enabled  the  modellers  to 
separate  the  impacts  of  restructuring  from  those  of  a  carbon  constraint. 

For  purposes  of  the  analysis,  the  transition  economies  were  divided  into  two 
regions:  the  countries  of  the  former  Soviet  Union  (FSU)  and  the  Eastern  European 
countries  in  transition  (EET).  Figure  9.14  displays  the  carbon  taxes  required  to  achieve 
stabilization  in  each  region.  The  former  Soviet  Union  and  Eastern  European  countries 
have  zero  taxes  before  2010.  This  is  because  the  stabilization  constraint  is  nonbinding. 
With  price  reforms  and  the  removal  of  energy  subsidies,  there  is  a  decline  in  emissions 

26 


912 


relative  to  1990  levels.  For  the  GREEN  model,  the  emission  constraint  begins  to  bite 
shortly  after  2010.  For  12RT,  emissions  remain  below  the  1990  level  until  2040. 

Despite  the  intrinsic  difficulties  of  applying  tojj-down  models  to  the  countries  of 
this  region,  the  implications  of  these  analyses  are  important.  The  costs  of  stabilizing 
emissions  may  be  relatively  small  for  economies  in  transition.  Market  failures  have 
undoubtedly  limited  investment  in  energy  efficiency.  The  potential  for  cost-effective 
reductions  in  ener^  use  is  apt  to  be  considerable.  The  key  is  a  successful  transition 
towards  a  new  institutional  context  in  which,  under  whatever  form,  prices  actually  reflect 
the  full  cost  of  energy. 


9.2.3.2  A  Review  of  Bottom-up  Studies 

This  section  summarizes  selected  studies  of  the  potential  and  cost  of  carbon  emission 
reduction  strategies  in  the  post-planned  economies.  Bottom-up  methods  offer  some 
advantages  for  dealing  with  transitional  economies  in  that  they  focus  on  the  physical 
stock  of  equipment  and  apply  scenarios  for  its  evolution,  with  less  concern  for 
anticipating  macroeconomic  equilibrium  conditions.  However,  just  as  top-down  models 
are  constrained  by  lack  of  reliable  data  for  these  economies,  the  data  on  current 
equipment  end-use  energy  efficiencies  is  severely  limited. 

9.Z3.2.1   Summary  of  Studies 

A  comparison  of  emission  reduction  cost  studies  reveals  striking  differences  with  the 
results  of  some  top-down  models  (see  Table  9.17).  On  the  bottom-up  side,  a  number  of 
studies  have  been  completed  by  Eastern  European  and  Russian  experts  since  the 
transitions  of  1989.  Some  of  this  work  was  conducted  using  the  U.S.  EPA  End-Use 
Energy  Model,  while  others  applied  indigenous  country-specific  models.  The  EPA  model 
projected  future  energy  demand  to  the  year  2030  in  five-year  increments,  giving  results 
for  the  major  fuel  types  and  future  aggregate  industrial  energy  intensity.  The  model 
estimates  energy  demand  on  the  basis  of  economic  growth,  structural  change,  price 
response,  and  technical  energy-efficiency  improvements  not  attributed  to  price  response. 
Like  that  of  Makarov  et  al.  (1991),  most  of  the  bottom-up  studies  incorporated  economic 
restructuring  as  a  driving  force  for  determining  the  energy  content  of  economic  growth. 

A  relationship  can  be  seen  between  the  magnimde  of  the  emissions  reductions 
and  costs  in  the  above  scenarios,  but  this  factor  cannot  explain  the  significant  variation  in 
cost  estimates  across  the  scenarios.  And  while  the  discount  rate  varied  among  the 
studies,  there  seems  to  be  little  correlation  between  this  variation  and  variations  in  cost 
estimates.  Indeed,  the  one  major  difference  in  cost  estimates  in  the  studies  reviewed 
appears  to  be  that  of  methodology,  specifically  the  choice  of  top-down  versus  bottom-up 
models  (see  Figures  9.15  and  9.16  and  Table  9.17).  This  result  is  not  surprising,  given  the 
special  nature  of  planned  and  post-planned  economies. 
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9.13.12  Evaluation  of  cost  estimates 


The  most  energy-intensive  economies  in  the  world  are  the  planned  or  post-planned 
economies  (Chandler  et  al.,  1990).  However,  a  short  digression  on  the  meaning  and 
importance  of  energy  intensity  in  the  formerly  planned  economies  may  be  in  order. 
Energy  intensity  (energy  consumed  per  unit  of  economic  output)  is  an  important,  if 
controversial,  indicator  of  future  emissions.  This  value  is  difficult  to  measure  accurately 
because  GNP  is  difficult  to  quantify  in-comparable  units.  Also,  differences  in  economic 
structures  may  be  significant.     " 

If  energy  intensity  is  interpreted  simply  as  a  surrogate  for  energy  efficiency,  then 
the  measure  can  be  misleading.  However,  a  vast  literature  has  verified  that  the  plaimed 
economies  use  energy  inefficiently  (Baron,  1992),  both  because  they  use  technology  that 
is  not  optimized  and  because  the  structures  of  their  economies  -  that  is,  the  remarkable 
reliance  on  heavy  industry  -  is  not  economically  justified.  Yet,  most  models  of  future 
energy  use  in  this  region  imply  both  continued  high  energy  intensity  and  high  economic 
growth.  The  results  are  sometimes  startling  when  one  realizes  that  they  indicate  that  the 
formerly  planned  economies  would  be  twice  as  energy  intensive  in  the  year  2050  as 
Japan  is  today.  This  outcome  may  be  unlikely,  given  the  constraints  of  international 
competition. 


9J.4  Studies  of  the  Costs  of  Reducing  CO  2  Emissions  in  Developing  Countries 

Climate  analysts  have  long  recognized  that  greenhouse  gas  emissions  and  consequent 
climate  change  are  a  global  phenomenon  and  need  global  responses.  Yet  in  most  global 
abatement  studies,  the  analysis  for  developing  nations  is  usually  piggybacked  on  the 
developed  country  studies.  The  fact  that  the  developed  nations  at  present  account  for 
nearly  two-thirds  of  greenhouse  gas  emissions  has  continued  to  overshadow  the  results  of 
the  very  same  models  that  show  that  within  two  or  three  decades  emissions  from  the 
developing  nations  will  surpass  those  from  the  present  developed  nations.  Greenhouse 
gas  abatement  studies  for  developing  countries  are  therefore  not  numerous.  The 
relatively  few  that  do  exist  are  based  on  methodologies  designed  for  use  in  developed 
nations.  These  models  tend  to  treat  the  dynamics  of  developing  nations  as  a  caricature  of 
industrialized  economies. 

9.14.1  A  Review  of  Top-down  Studies 

This  tendency  is  particularly  marked  in  the  case  of  top-down  models,  where  the  dynamics 
of  each  geographical  region  tends  to  mirror  the  market-based  economies  of  the  western 
world.  The  models  are  market  driven  and  assume  the  existence  of  future  markets,  perfect 
information,  competitive  economic  dynamics  on  the  demand  and  supply  side,  and 
optimizing  behaviour  on  the  part  of  producers,  consumers,  and  government.  These 
assumptions  are  often  found  to  be  invalid  in  developing  countries. 
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In  addition,  top-down  models  tend  to  underestimate  the  contributions  from  the 
informal  sectors  of  developing  economies.  In  many  countries,  these  sectors  account  for 
the  overwhelming  proportion  of  agriculture  and  land-use  activities,  employment,  and 
household  energy  consumption.  Activities  in  these  sectors,  such  as  traditional  biomass 
use,  deforestation,  rice  cultivation,  and  animal  husbandry,  account  for  significant 
greenhouse  gas  emissions.  The  models  also  have  difficulty  capturing  the  patterns  of 
change  whereby  the  development  process  transforms  the  traditional  activities  into 
modem  activities  through  a  myriad  of  simultaneous  processes  such  as  monetization, 
market  development,  technology  penetration,  institution  building,  and  education. 

Despite  these  limitations,  top-down  models  can  still  provide  useful  insights  into  a 
number  of  important  issues.  These  include  taxes  and  subsidies,  revenue  recycling, 
international  trade,  allocations  for  research  and  development,  and  backstop  technologies. 
But  until  more  effort  is  devoted  to  broadening  the  frameworks  to  better  deal  with  the 
unique  characteristics  of  developing  countries,  one  must  be  especially  cautious  in 
interpreting  their  results.  With  these  caveats  in  mind,  we  now  turn  to  a  review  of  several 
recent  applications. 

9.2.4.1.1  The  costs  of  emission  reduction  in  China 

Of  the  developing  countries,  China  has  received  the  greatest  attention  from  top-down 
modellers.  This  is  not  surprising,  since  it  is  currently  the  third  largest  emitter  of  CO2  and 
there  is  every  expectation  that  its  share  will  continue  to  increase.  Because  of  its 
importance,  global  models  usually  include  China  as  a  single  geographical  region.  For 
example,  the  OECD  Model  Comparison  Project  divided  the  globe  into  five  geopolitical 
regions:  the  U.S.,  other  OECD  countries,  the  former  Soviet  Union,  China,  and  ROW  (a 
catch-all  category  for  the  rest  of  the  world).  This  study  provides  some  interesting 
perspective  on  how  China's  emissions  are  likely  to  evolve  in  the  future  and  the  potential 
costs  of  emission  reduction. 

Besides  business  as  usual  (BAU),  the  following  two  scenarios  were  examined. 
Scenario  I  postulated  a  reduction  in  the  rate  of  growth  of  emissions  in  each  region  by 
2%  per  annum,  and  Scenario  II  a  stabilization  of  emissions  at  1990  levels  in  each  region. 
Table  9.18  summarizes  the  percent  growth  rate  of  carbon  emissions  for  BAU.  In 
addition,  it  shows  GDP  losses  for  China  and  the  world  under  the  two  control  scenarios. 

Note  that  all  models  report  very  large  GDP  losses  for  China  under  the 
stabilization  scenario.  This  is  because  the  emissions  growth  under  business  as  usual  is 
much  higher  for  China  compared  to  the  world  as  a  whole.  Hence,  China  requires 
especially  large  emission  cuts.  In  Scenario  I,  absolute  cuts  in  emissions  will  be  required 
in  the  industrialized  countries,  while  a  low  growth  in  emissions  is  allowed  for  China. 
Hence,  the  GDP  losses  for  China  (in  percentage  terms)  are  somewhat  lower.  Although 
figures  are  not  reported  for  ROW  due  to  the  heterogeneous  nature  of  this  region,  the 
study  indicates  that  the  GDP  losses  are  also  very  high  for  ROW  under  both  scenarios. 
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Among  other  things,  the  OECD  study  underscores  the  importance  of  the  emission 
allocation  scheme  in  determining  costs  to  individual  countries.  This  issue  will  be 
addressed  in  greater  detail  in  the  section  on  global  models. 

9.2.4.1.2  The  impacts  of  energy  subsidy  removed 

One  area  in  which  macroeconomic  models  are  particularly  useful  relates  to  the  removal 
of  market  imperfections.  In  a  recent  study,  the  OECD  used  the  GREEN  model  to 
analyze  the  impact  "of  subsidy  removal  in  China  and  India  (OECD,  1994).  The  "distortion 
removal"  scenario  assumes  phasing  out  of  subsidies  on  the  sale  price  of  oil  by  2000  and 
on  coal  and  gas  by  the  year  2010.  Under  the  "no  distortion  removal"  scenario,  the  energy 
subsidies  observed  in  the  base  year  continue. 

The  study  finds  that  the  removal  of  energy  subsidies  has  a  major  impact  in 
reducing  energy  consumption  and  carbon  emissions.  Under  the  no  distortion  removal 
scenario,  energy  consumption  and  carbon  emissions  increase  by  a  factor  of  14  between 
1985  and  2050  in  both  countries.  Under  the  distortion  removal  scenario,  energy 
consumption  and  emissions  in  China  and  India  are  reduced  to  nearly  40%  and  60% 
respectively  in  2050  (relative  to  the  no  distortion  removal  case).  The  reductions  are  due 
to  higher  energy  efficiency  and  the  use  of  backstops  promoted  by  higher  market  prices 
for  carbon-based  fuels.  Moreover,  a  Chinese  study  using  a  World  Bank  model  suggested 
that  joint  reforms  of  energy  prices  and  the  exchange  rate  can  offset  the  effects  of  energy 
price  increases  on  the  exchange  rate,  thus  reducing  the  cost  of  imports  (Peng  and 
Hanslow,  1993). 

9.14.1.3  The  impacts  of  carbon  taxes  on  non-commercial  energy  consumption 

But,  even  if  this  conclusion  relies  on  incontestable  price  mechanisms,  the  informal 
economy  could  offset  part  of  the  expected  gain.  That  was  pointed  out  by,  among  others, 
researchers  from  the  OPEC  Secretariat  who  used  a  macroeconomic  model  to  investigate 
the  impacts  of  OECD-type  carbon  taxes  on  developing  countries  (Walker  and  Birol, 
1992)  and  explicitly  considered  the  impact  of  income  and  price  levels  on  the 
consumption  of  Non-Commercial  Energies  (NCE). 

The  study  finds  that  the  income  elasticity  of  NCE  is  negative,  meaning  that 
consumers  shift  from  NCE  to  commercial  energy  as  income  rises.  But  more  importantly, 
the  study  also  reports  an  inverse  relationship  between  non-commercial  and  commercial 
energy  demand  in  response  to  price  changes.  That  is,  consumers  switch  from  commercial 
to  NCE  in  the  case  of  price  hikes.  Both  of  these  results  point  to  behaviour  that  is 
obvious  and  well  known  in  the  developing  nations  and  yet  is  most  often  forgotten  or 
ignored  in  top-down  analyses.  Based  on  the  above  findings,  the  study  concludes  that  in 
the  absence  of  effective  controls  on  deforestation,  carbon  taxes  would  create  incentives 
to  deplete  forests  for  energy  use. 
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9.14.2  A  Review  of  Bottom-up  Studies 


Most  bottom-up  studies  of  developing  countries  focus  on  the  national  level  and  typically 
cover  scenario  periods  from  1988/90  to  2020/30.  This  contrasts  with  top-down  studies, 
which  tend  to  treat  developing  countries  in  groups,  with  the  exception  of  China.  Some  of 
the  main  studies  are  listed  in  Table  9.19. 

Emission  reduction  targets  in  developing  country  bottom-up  studies  typically 
formulate  reduction  targets,  either  as  percentage  changes  from  a  baseline  (or  reference) 
case  reflecting  the  reference  case's  economic  development  and  energy  requirements 
(UNEP,  1994a)  or  as  percentage  changes  related  to  a  high  emission  case  for  the  energy 
sector  (Sathaye  and  Goldman,  1991).  This  contrasts  with  most  of  the  studies  carried  out 
for  developed  countries,  where  emission  reductions  targets  generally  are  calculated  for 
each  scenario  in  terms  of  stabilization  or  abatement  from  a  given  benchmark  date. 

Two  major  multicountry  studies  have  been  conducted  by  the  Lawrence  Berkeley 
Laboratory  (LBL)  and  by  the  UNEP  Collaborating  Centre  on  Energy  and  Environment 
(UCCEE).  These  two  research  centres  facilitate  comparative  analysis  in  a  similar  way  to 
the  studies  carried  out  by  the  Energy  Modeling  Forum  in  the  USA.  The  results  and 
methodological  framework  of  the  UNEP  and  LBL  multicountry  studies  are  reviewed  in 
this  section  along  with  similar  country  studies  for  China,  West  Africa,  and  South  East 
Asia. 

Only  some  of  the  studies  have  estimated  the  costs  of  achieving  emission  reduction. 
These  are  the  UNEP  studies  (UNEP,  1994a),  the  LBL  study  for  India  (Mongia,  1991), 
and  the  ADB  study  for  China  (Asian  Development  Bank,  1993).  The  UNEP  studies,  for 
example,  have  estimated  emission  reduction  costs  for  a  range  of  target  reductions 
running  from  12.5%  to  25%  in  2005/10  and  from  25%  to  50%  in  2020/30  (UNEP  1994a, 
b). 

The  coordinated  country  study  programmes  conducted  by  UNEP  and  LBL  defined 
an  analytical  framework  for  mitigation  analysis  comprising  uniform  assumptions  about 
analytical  structure  that  allow  the  use  of  different  national  modelling  tools.  The 
recommended  framework  for  each  country  consists  of  the  following  analytical  steps: 

construction  of  reference  scenario 

assessment  and  ranking  of  greenhouse  gas  reduction  options 
construction  of  greenhouse  gas  reduction  scenarios 
macroeconomic  impact  assessment  (to  the  extent  possible) 

The  studies  have  in  this  way  tried  to  combine  traditional  elements  from  bottom- 
up  models  with  macroeconomic  assessment.  In  practice  this  has  meant  that  the  baseline 
has  been  constructed  to  reflect  general  macroeconomic  and  energy  system  development 
trends.  Similarly,  after  mitigation  options  have  been  assessed,  the  most  important 
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macroeconomic  impacts  of  implementing  specific  options  have  been  considered  either 
qualitatively  or  quantitatively. 

9.14.11  Main  Assumptions  and  Findings:  Trends  and  Margins  of  Freedom  for  Curbing 
Greenhouse  Gas  Emissions 

The  country  studies  considered  here  exhibit  a  striking  similarity  to  the  expected 
development  trends  in  energy  and  carbon  intensity  for  the  economies  of  developing 
nations.  This  has  important  implications  for  CO2  reduction  potential  and  related  costs  in 
these  countries.  The  studies  indicate  a  tendency  for  the  energy  intensity  of  economic 
growth  to  decrease,  primarily  as  a  consequence  of  structural  economic  change  and 
technological  development.  In  contrast,  however,  the  studies  generally  expect  the  COj 
intensity  of  primary  energy  consumption  to  increase  more  or  less  as  a  direct  outcome  of 
the  introduction  of  commercial  fossil  fuels  as  a  major  source  of  energy  supply  in  future 
baseline  development.  The  overall  result  is  that  the  COj  /GDP  intensity  is  close  to  unity 
for  most  of  the  studies.  The  policy  implication  of  these  trends  is  that  the  studies  indicate 
a  potential  for  implementing  low-carbon  energy  technologies,  but  a  special  effort  seems 
to  be  necessary  to  reverse  the  strong  tendency  for  fossil  fuel  energy  technologies  to 
become  the  major  source  of  supply  in  the  future. 

The  actual  assumptions  for  GDP  growth  rates,  primary  energy  consumption,  and 
CO2  emissions  are  shown  in  Table  9.20  for  the  reference  and  emission  reduction 
scenarios  of  the  country  studies.  The  annual  economic  growth  rates  range  from  3.0%  to 
8.0%,  with  most  projections  below  5.0%. 

In  some  cases  economic  growth  rate  forecasts  for  the  same  country  differ  between 
studies.  Generally  the  growth  rates  of  the  UNEP  studies  are  higher  than  for  the  LBL 
studies.  This  is  understandable,  given  the  uncertainties  surrounding  such  long-term 
forecasts. 

The  elasticities  of  primary  energy  to  GDP,  COj  emissions  to  primary  energy,  and 
CO2  emissions  to  GDP  are  shown  in  Table  9.21  for  the  reference  or  baseline  scenarios. 
Many  of  the  countries  have  a  primary  energy/GDP  elasticity  between  0.6  and  0.8, 
implying  that  a  1%  increase  in  GDP  leads  to  a  0.6  -  0.8%  increase  in  energy 
consumption.  This  value,  which  is  low  if  one  considers  current  trends  in  developing 
countries,  is  explained  in  the  individual  countries  in  part  by  national  economic 
development  plans  that  include  structural  changes  and  technical  efficiency  improvements. 
However,  the  CO2/GDP  elasticity  is  close  to  unity  for  most  of  the  country  studies  as  a 
consequence  of  high  expected  C02/energy  elasticities.  This  latter  elasticity  reflects 
development  processes  in  which  traditional  local  biomass  and  also  hydropower  resources 
are  "squeezed  out"  while  commercial  fossil  fuels  are  expected  to  play  a  larger  role.  A 
remarkably  high  COj/energy  elasticity  is  projected  in  the  UNEP  Brazil  study  and  in  the 
studies  by  Davidson  for  Ghana,  Nigeria,  and  Sierra  Leone,  where  biomass  is  substantially 
replaced  by  fossil  fuels  in  the  reference  scenario. 
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The  different  assumptions  for  development  in  GDP,  primary  energy,  and  COj 
emissions  in  the  baseline  case  imply  that  the  imposition  of  reduction  targets  related  to 
future  emissions  has  quite  different  consequences  for  the  absolute  level  of  emissions  in 
the  reduction  scenarios. 

The  baseline  emission  projections  range  from  a  six-  to  eightfold  increase  for  Thailand 
and  Brazil  to  a  two-  to  threefold  increase  for  other  developing  countries  in  the  UNEP 
study.  In  the  LBL  study,  the  projection  is  for  a  five-  to  sixfold  increase  for  Indonesia  and 
India  and  a  two-  to  threefold  increase  for  China,  Argentina,  Brazil,  Mexico,  and 
Venezuela.  The  emission  projections  of  the  UNEP  and  LBL  studies  are  illustrated  in 
Figures  9.17  and  9.18. 

We  later  discuss  the  implications  of  such  a  wide  range  of  results.  Despite  these 
disCTepancies,  however,  the  studies  converge  in  suggesting  a  steep  increase  in  CO2 
emissions  from  developing  countries  over  the  next  decades.  A  second  important 
convergence  relates  to  the  estimate  of  a  significant  potential  for  reducing  the  COj 
intensity  of  economic  growth  in  these  countries. 

In  the  UNEP  study,  the  emission  reduction  scenario  for  most  of  the  countries 
shows  a  40-50%  emission  reduction  from  the  reference  scenario  by  2020/30.  However, 
this  still  implies  up  to  a  doubling  of  emissions,  relative  to  the  present.  Exceptions  are  the 
studies  for  Thailand  and  Brazil,  where  a  30%  and  50%  reduction  from  the  reference 
scenario  still  lead  to  a  sixfold  and  threefold  emission  increase  respectively  from  the 
present. 

The  emissions  develop  more  slowly  in  the  low  emission  scenarios  of  the  LBL 
study  than  in  the  UNEP  study,  even  though  reductions  in  the  scenarios  are  less  extensive 
than  in  the  UNEP  studies.  The  LBL  studies  are  typically  focused  around  a  20-30  % 
reduction  from  the  reference  scenario  in  2025.  This  reflects  the  lower  economic  growth 
rate  projections  of  the  LBL  study.  The  lowest  projections  are  seen  for  Brazil  and 
Argentina,  where  the  emissions  are  projected  to  increase  by  only  about  50%  from 
present  levels.  Another  group  of  countries,  including  China,  Mexico,  and  Venezuela,  is 
projected  to  have  emission  levels  two  to  three  times  higher  than  present  levels  after 
reductions  of  20-30%  from  the  baseline  scenario.  India  and  Indonesia  are  projected  to 
have  persistently  high  emission  levels. 

The  reduction  scenarios  of  the  UNEP  and  LBL  studies  are  shown  in  Figures  9.19 
and  9.20. 

While  these  potentials  for  COj  emission  reduction  in  developing  countries  are 
insufficient  to  offset  the  overall  tendency  toward  increased  CO2  emissions,  they  are  large 
enough  to  contradict  the  notion  that,  given  current  low  levels  of  energy  consumption  in 
these  countries,  there  is  little  utility  in  efforts  to  control  their  emissions. 
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A  similar  conclusion  can  be  drawn  from  a  study  by  the  Asian  Energy  Institute  that 
included  Bangladesh,  Brazil,  China,  India,  the  Islamic  Republic  of  Iran,  Japan,  South 
Korea,  and  Thailand.  The  study  assessed  the  potential  for  emission  reduction  in  these 
countries  through  energy  efBciency  improvements  and  a  shift  toward  supply  technologies 
with  lower  carbon  intensity. 

9.14.12    Emission  Reduction  Costs 

The  UNEP  country  studies  include  an  estimation  of  costs  for  emission  reductions  of 
between  12.5%  and  25%  from  the  baseline  scenario  in  the  short-term  (2005/10)  and 
between  25%  and  50%  in  the  long-term  (2020/30).  Cost  is  defined  as  financial  cost  at 
the  energy  sector  level  including  investment,  operation  and  maintenance,  and  fuel  costs 
(UNEP,  1994c).  Cost  curves,  containing  a  number  of  target  reductions  in  one  year, 
should  be  regarded  as  snapshot  pictures  of  the  levelized  cost  of  achieving  a  given 
reduction  in  that  year.  Figures  9.21  and  9.22  show  the  cost  curves  for  a  number  of 
participating  countries  for  both  the  short-term  and  long-term  target  years. 

The  short-term  cost  curves  for  Brazil,  Thailand,  and  Zimbabwe  exhibit  a  number 
of  similarities.  A  particular  feature  is  the  large  potential  for  negative-cost  or  low-cost 
emission  reduction  options  of  up  to  10-15%  from  baseline  emissions.  The  curves  are  also 
similar  in  shape.  The  first  part  of  the  cost  curves,  up  to  about  the  5%  reduction  level, 
indicates  very  low  emission  reduction  costs.  It  is  followed  by  a  long  interval  up  to  about 
the  25%  level  in  which  emission  reduction  costs  fall  within  a  relatively  narrow  range 
between  -$10  and  +$30  marginal  cost  per  tonne  of  COj  reduced.  Few  higher  cost 
options  were  included  in  the  analysis.  Those  that  were  included  tend  to  be  expensive 
supply-side  options,  implying  a  steep  increase  in  marginjil  costs. 

The  long-term  marginal  cost  curves  shown  in  Figure  9.22  show  many  similarities 
for  the  developing  countries.  Venezuela,  with  a  completely  positive  cost  curve,  may  be 
regarded  as  an  exception.  This  is  the  result  of  the  methodological  decision  to  include 
most  no-regret  options  in  the  baseline. 

Senegal  and  Thailand  have  a  negative  marginal  cost  potential  up  to  about  a  15% 
reduction  from  baseline  emissions  in  2020/30.  This  potential  is  expanded  to  about  the 
40%  reduction  level  for  Egypt  and  to  about  the  30%  reduction  level  for  Zimbabwe.  The 
marginal  cost  curve  for  Brazil  cuts  the  horizontal  axis  around  the  10%  reduction  level. 
As  with  the  short-term  curves,  the  long-term  marginal  cost  for  most  countries  falls  within 
an  interval  of  -$10  to  +$25  per  tonne  of  CO2  for  emission  reductions  of  about  5-25%. 

Table  9.21  shows  marginal,  average,  and  total  emission  reduction  costs  for  the  short- 
and  long-term  reduction  targets.  In  the  long  term,  the  average  emission  reduction  costs 
for  reductions  from  baseline  of  between  25%  and  50%  range  between  -$5  and  +$37  per 
tonne  of  COj.  Total  emission  reduction  costs  are  negative  for  Egypt  and  Senegal. 
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The  study  of  India  (Mongia  et  al.,  1991)  estimated  emission  reduction  costs  for 
two  emission  reduction  scenarios,  one  reflecting  a  least-cost  emission  reduction  case  and 
the  other  a  "capital-constraint  Vcase  with  more  emphasis  on  domestic  resources.  The 
least-cost  case  requires  foreign  capital  and  resources.  The  other  emission  reduction 
scenario  assumes  a  more  expensive  supply  system  with  greater  reliance  on  domestic 
renewable  energy  sources.  The  first  emission  reduction  case  estimates  average  emission 
reduction  costs  in  2025  to  be  -$9.5  per  tonne  of  CO^  for  a  45%  reduction  from  baseline. 
The  second  case,  based  on  domestic  resources,  is  significantly  more  costly  for  achieving 
the  same  level  of  emission  reduction. 

9.14.2.3   The  Special  Case  of  China 

Because  of  the  expected  magnitude  of  its  future  COj  emissions,  China  warrants  separate 
treatment.  The  Asian  Development  Bank  has,  in  collaboration  with  the  Chinese 
government,  conducted  a  comprehensive  technology  assessment  study  for  the  period  1990 
to  2050  (ADB  1993).  The  study  assumes  very  low  energy/GDP  and  COj/energy 
elasticities  due  to  expectations  of  structural  economic  development  away  from  heavy 
energy-intensive  industries  and  fast  technological  change.  The  baseline  furthermore 
assumes  a  decreasing  share  for  coal  in  primary  energy  consumption  and  includes  the 
implementation  of  large  efficiency  improvements,  especially  in  the  power  production 
sector. 

The  GDP  growth  rate  over  the  period  is  assumed  to  be  6.0%,  primary  energy 
growth  3.1%,  and  the  CO2  emission  growth  rate  2.6%.  The  resulting  elasticities  are  0.5 
for  energy/GDP,  0.8  for  COj/energy,  and  0.4  for  CO2/GDP.  The  share  of  coal  in  the 
primary  energy  supply  is  projected  to  decrease  from  75.5%  in  1990  to  58.0%  in  2050. 
Coal  is  replaced  by  an  increasing  amount  of  natural  gas  and  nuclear  power,  as  well  as 
some  hydro  power. 

It  is  assumed  that  efficiency  gains  in  power  production  of  3.6%  annually  can  be 
achieved  until  2000,  decreasing  to  1.8%  for  the  rest  of  the  period  to  2050.  These  high 
savings  are  related  to  the  current  low  power-production  efficiency  of  30%  combined  with 
the  expected  high  investment  level  in  new  efficient  electricity  generation  technologies. 

The  reduction  scenario  results  in  a  23%  emission  reduction  from  baseline  in  2050. 
The  main  reduction  options  in  the  supply  system  are  expanded  nuclear  capacity, 
increasing  from  9.9%  of  primary  energy  supply  in  the  baseline  to  13.9%  in  the  reduction 
case.  The  share  of  hydro  power  and  natural  gas  is  also  increased  slightly.  Total  primary 
energy  consumption  is  decreased  by  14%  from  the  baseline  level. 

9.14.Z4  Comparing  Numerical  Results:  Critical  Assumptions  About  Technical  Options 

The  country  studies  have  estimated  emission  reduction  potential  as  a  function  of 
technical  options,  either  related  to  individual  technologies  or  to  comprehensive  packages 
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of  technologies.  The  costs  and  emission  reduction  potential  of  technical  options  have 
been  assessed  using  energy  system  models  that  evaluate  end-use  efficiency  improvements, 
fuel  substitution,  and  new  supply  technologies  in  an  integrated  way.  This  analysis  has 
been  conducted  with  different  degrees  of  sophistication,  depending  on  the  individual 
country  and  the  particular  study. 

As  an  example,  a  summary  of  the  main  technical  emission  reduction  options  in 
the  UNEP  country  studies  is  presented  in  Table  9.23.  The  national  options  are  listed  in 
aggregated  form  and  thus  represent  classes  of  options  rather  than  individual 
technologies.  The  cost  curve  may  be  considered  in  three  segments,  representing 
negative/low-cost  options,  intermediate-cost  options,  and  high-cost  options.  One  general 
similarity  among  the  country  studies  is  that  the  least  expensive  part  of  the  cost  curve 
contains  energy  end-use  savings  in  households  and/or  industry.  Another  is  that  electricity 
supply  options  first  appear  in  the  intermediate-cost  part  of  the  reduction  potential  cost 
curves. 

On  the  supply  side,  most  of  the  studies  focused  on  traditional  energy-supply 
technologies  and  few  included  more  advanced  technologies  and/or  renewable  energy 
technologies.  Consequently,  the  cost  curve  either  increases  very  sharply  or  simply  does 
not  include  any  further  reduction  after  the  exhaustion  of  these  options. 

9.14.15  Comparability  of  the  National  Studies 

The  emission  reduction  costing  studies  for  developing  countries  considered  here  exhibit 
similarities  with  regard  to  the  assessed  potential  for  negative  or  low-cost  emission 
reduction.  In  general,  these  options  comprise  end-use  efficiency  improvements,  energy 
supply  efficiency  improvements,  and  the  introduction  of  fuels  with  lower  carbon  intensity. 
These  technologies  cover  the  first  and  cheapest  part  of  the  emission  reduction  potential 
and  can,  especially  in  the  longer  term,  be  supplemented  with  renewable  energy 
technologies,  more  far-reaching  end-use  savings,  and  advanced  combustion  technologies. 
The  long-term  emission  reduction  potential  will  consequently  be  extended  and  is  also 
likely  to  be  cheaper  than  currently  estimated. 

The  individual  country  studies  are  difficult  to  compare  quantitatively  because  of 
differences  in  methodological  approach  and  in  scenario  assumptions  for  economic 
growth,  energy  requirements,  and  emission  reduction  costs.  An  important  difference  is  to 
be  found  in  the  baseline  scenario  assumptions  used  in  the  different  studies. 

In  the  UNEP  studies,  the  national  research  teams  took  official  macroeconomic 
forecasts  as  the  starting  point  for  energy  demand  projections.  In  contrast,  the  LBL 
studies  used  a  broader-level  international  perspective  to  estimate  an  economic  structure 
and  income  distribution  which  could  be  achieved  in  a  developing  country  within  a  given 
time  horizon.  Thus,  for  example,  it  could  be  assumed  that  a  country  like  Brazil  would 
approach  an  economic  structure  and  income  distribution  comparable  to  that  of  Spain  in 
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a  given  time  frame. 


The  advantage  of  using  national  macroeconomic  projections  is  that  they  reflect 
national  views  on  development.  However,  national  forecasts  may  be  only  partially 
consistent  and  realistic,  while  international  economic  studies  may  be  of  help  in 
establishing  a  consistent  data  set  across  countries.  Studies  using  a  common,  well- 
documented  background  can  also  be  easier  to  compare  than  studies  that  use  different 
national  forecasts.  ~ 

The  degree  of  optimism  of  experts  from  different  countries  with  regard  to  the 
penetration  of  energy  efficiency  or  of  carbon-free  energy  supply  options  may  differ 
dramatically.  This  can  lead  to  different  critical  assumptions  in  the  baseline  as  well  as  in 
the  emission  reduction  scenarios.  One  approach  is  to  assume  that  all  possible  efficiency 
improvements  will  be  implemented  as  part  of  the  baseline  scenario,  implying  that  only 
positive-cost  options  remain.  If  the  existing  energy  system  -  as  in  many  developing 
countries  at  present  -  is  relatively  inefficient,  the  above  mentioned  approach  implicitly 
assumes  large  investment  programmes  to  be  carried  out  to  implement  the  "efficient 
options"  in  parallel  to  any  emission  reduction  effort.  If,  instead,  it  is  assumed  that  major 
inefficiencies  persist  in  the  energy  system  in  the  baseline  scenario,  there  will  be  an 
interrelationship  between  emission  reduction  measures  and  the  general  effort  to 
overcome  barriers  for  efficiency  improvements  in  the  energy  system.  In  the  UNEP  study, 
for  example,  where  country  research  teams  were  free  to  make  judgments,  the  team  for 
Venezuela  assumed  that  all  profitable  efficiency  improvements  would  be  implemented  in 
the  reference  scenario,  while  the  teams  for  Brazil  and  Thailand  assumed  a  relatively 
inefficient  reference  scenario. 

Another  difference  in  reference  scenarios  between  countries  relates  to  difficult 
assumptions  about  structural  change  in  the  economy,  about  fuel  supply,  and  about  the 
overall  level  of  development.  The  striking  difference  between  the  UNEP  and  LBL 
studies  in  the  case  of  Brazil  is  an  enlightening  example  of  the  consequence  of  these 
differing  assumptions.  Part  of  the  difference  between  the  two  studies  for  Brazil  can  be 
explained  by  different  assumptions  for  the  GDP  growth  rate,  but  another  key  difference 
is  a  consequence  of  the  low  fuel  price  increase  projected  in  the  UNEP  study  during  a 
period  long  enough  to  make  the  existing  alcohol  fuels  programme  unprofitable. 
Consequently,  the  reference  case  assumes  replacement  of  present  biomass  use,  including 
ethanol,  with  fossil  fuels.  The  LBL  studies,  in  contrast,  defined  reference  energy 
scenarios  as  a  continuation  of  historical  trends,  implying  that  the  alcohol  fuels 
programme  would  be  sustained  in  Brazil.  A  new  Brazilian  study  (La  Rovere  et  al.  1994) 
has  been  carried  out  as  a  compromise  between  the  assumptions  of  the  UNEP  and  LBL 
studies. 

9.Z4.2.6  Conclusion 

The  bottom-up  COj  emission  reduction  costing  studies  carried  out  for  the  energy  sector 
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for  developing  countries  exhibit,  despite  differences  in  methodological  approach,  some 
common  empirical  results,  namely: 

The  30-40  year  reference  scenario  projections  show  a  tendency  to  decreasing 
energy/GDP  intensity  but  increasing  COj/energy  intensity. 

The  potential  for  a  30-40%  emission  reduction  from  baseline  over  a  40-year  time 
frame  has  been  estimated.  However,  even  after  such  a  reduction,  emissions  will, 
on  average,  be  two  or  three  times  more  than  present  levels,  because  of  economic 
growth. 

The  emission  reduction  potential  includes  lewT^^^P^pegative-cost  options 
relating  to  end-use  and  conventional  supply  technologies  in  the  short  to  medium 
teniL  In  the  30-40  year  time  frame,  the  UNEP  country  studies  have  estimated 
average  emission  redurtion  costs  to  be  below  $14/tonne  of  COj. 


9J.5  Global  Studies  of  the  Costs  of  Reducing  CO  2  Emissions 

The  review  of  existing  studies  up  to  this  point  has  focused  on  country  or  regional 
analyses.  In  addition,  there  are  a  growing  number  of  studies  that  attempt  to  provide  a 
global  perspective  on  the  assessment  of  abatement  costs.  These  studies  are  important  for 
several  reasons.  The  enhanced  greenhouse  effect  is  inherently  a  global  issue.  If 
significant  reductions  in  emissions  are  required,  they  can  be  accomplished  only  through 
international  accords  and  cooperation.  It  will  be  helpful  to  have  some  sense  of  the 
overall  costs  before  confronting  the  difficult  issue  of  burden  sharing. 

A  global  perspective  is  also  important  in  assessing  the  costs  to  individual 
countries.  Actions  taken  in  one  region  are  apt  to  have  "spillover"  effects  into  other 
regions.  Partial  equilibrium  analyses  ignore  potentially  significant  linkages  (e.g.,  trade  in 
oil,  gas,  and  carbon-intensive  basic  materials)  that  could  substantially  alter  the  economic 
impacts  of  a  carbon  constraint. 

Finally,  and  perhaps  most  importantly,  a  global  perspective  is  necessary  if  we  are 
to  identify  economically  efficient  strategies  for  achieving  emission  targets.  The 
Framework  Convention  on  Climate  Change  states  that  "policies  and  measures  to  deal 
with  climate  change  should  be  cost-effective  so  as  to  ensure  global  benefits  at  the  lowest 
possible  cost."  This  means  that  emission  reductions  should  be  carried  out  where  it  is 
cheapest  to  do  so.  Analysis  on  a  global  scale  is  needed  in  order  to  construct  a  "least-cost" 
global  abatement  supply  curve. 

Of  course,  all  of  the  caveats  expressed  above  about  the  limitations  of  country- 
specific  or  region-specific  models  should  be  borne  in  mind  when  evaluating  the  results  of 
global  studies.  In  addition,  the  global  analyses  confront  aggregation  issues  which  further 

38 


23-558    96-30 


924 


complicate  the  interpretation  of  results.  Not  surprisingly,  most  of  the  global  studies 
employ  top-down  methodologies.  Nevertheless,  there  have  been  several  bottom-up 
studies  that  illustrate  the  overall  technical  potential  for  curbing  greenhouse  emissions  at 
a  world  level. 

9.Z5.1  A  Review  of  Top-dcwn  Studies:  the  importance  of  international  cooperation 

Several  of  the  models  used  for  regional  analyses  provide  the  capability  for  analyzing 
emission  abatement  costs  at  a  global  level.  These  models  typically  divide  the  globe  into 
five  or  more  geopolitical  groupings.  By  necessity,  they  are  highly  aggregate  in  their 
treatment  of  macroeconomic  and  technology  issues.  In  order  to  represent  regional 
differences  and  trade  effects,  local  economic  and  technological  detail  must  be  sacrificed. 

Figure  9.23  summarizes  the  results  of  recent  studies  using  these  models.  Not 
surprisingly,  there  is  considerable  disagreement  concerning  the  costs  of  emission 
abatement.  Consistent  with  the  regional  studies,  the  top-down  global  analyses  indicate 
that  emission  abatement  will  involve  positive  costs,  but  the  size  of  the  model-based  cost 
estimates  varies  from  study  to  study.  In  this  section,  we  will  try  to  understand  why  these 
results  differ  so  widely.  In  doing  so,  we  hope  to  gain  additional  insights  into  the  costs  of 
emission  abatement  at  the  regional  and  global  level. 

9.2.5.1.1  Tfie  costs  of  stabilizing  global  emissions 

A  systematic  comparison  of  global  models  was  undertaken  by  the  OECD  in  its  1992 
Model  Comparison  Project  (OECD,  1993).  The  study  included  all  available  global 
models  with  the  capability  of  simulating  regional  carbon  tax  rates  required  to  achieve 
specific  emission  abatement  targets  and  the  resulting  output  losses.  The  models  were 
calibrated  to  the  same  set  of  input  assumptions  employed  by  the  parallel  study  being 
conducted  by  the  Energy  Modeling  Forum  (see  earlier  discussion).  Results  were  reported 
for  a  business-as-usual  scenario  and  for  four  scenarios  involving  various  levels  of 
emission  reduction.  We  begin  by  examining  the  results  from  the  emission  stabilization 
scenario. 

For  emission  stabilization,  it  was  assumed  that  global  emissions  would  be 
permanently  held  at  1990  levels.  The  global  costs  of  meeting  such  a  target  will  depend, 
in  part,  upon  how  emission  reductions  are  allocated  among  regions  and  whether  there  is 
scope  for  international  cooperation.  In  the  analysis  that  follows,  each  region  is  required 
to  hold  emissions  at  1990  levels  without  the  opportunity  of  shifting  emission  abatement 
from  high  to  low  marginal  abatement  cost  regions.  That  is,  there  is  no  trade  in  carbon 
emission  rights.  Later  on,  we  will  explore  the  potential  benefits  from  relaxing  this 
constraint. 

Figure  9.24  compares  output  losses  entailed  by  stabilizing  emissions  in  the  year 
2020.  It  also  shows  the  reduction  in  the  average  annual  growth  rate  of  CO2  emissions 
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required  to  achieve  the  desired  target.  Note  that  losses  vary  by  a  factor  of  nearly  three  - 
from  0.8%  to  2.2%  of  gross  world  product.  Although  it  is  difficult  to  isolate  all  the 
reasons  for  the  differences  in  abatement  cost  estimates,  the  discussion  of  the  preceding 
sections  points  to  several  possible  causes. 

The  higher  the  baseline  emission  level,  the  more  stringently  carbon  emissions 
have  to  be  curtailed  to  achieve  a  given  target,  and  hence  the  higher  the  overall 
abatement  costs.  The  global  baseline,  however,  is  not  the  sole  determinant  of  global 
abatement  costs:  The  GREEN  baseline  projects  the  highest  emissions  for  the  year  2020, 
hence  it  requires  the  largest  aimual  reductions  to  stabilize  emissions  at  their  1990  level. 
Yet  this  does  not  lead  to  the  highest  cost  estimates.  This  is  because  GREEN  is  the  most 
optimistic  of  the  four  models  concerning  the  speed  at  which  backstop  technologies  can 
be  introduced  into  the  energy  system. 

Conversely,  ERM  projects  the  lowest  baseline  emissions  for  2020.  As  a  result,  less 
carbon  must  be  removed  from  the  energy  system  to  achieve  emission  stabilization.  Even 
so,  estimated  costs  (in  terms  of  resulting  output  losses)  are  higher  than  those  projected 
by  CRTM.  This  is  because  ERM  does  not  include  backstop  technologies,  thus  producing 
higher  marginal  costs  of  emission  abatement. 

In  a  separate  experiment,  it  was  determined  that  ERM  and  MR  project  essentially 
the  same  baseline  emissions  when  employing  identical  rates  of  autonomous  energy 
efficiency  improvements.  However,  for  the  OECD  study,  MR  adopted  an  average  annual 
rate  of  0.5%,  whereas  ERM  assumed  that  non-price  induced  efficiency  improvements 
occur  at  twice  this  rate.  Standardization  for  this  key  parameter  brings  results  of  these  two 
models  much  closer  together  with  respect  to  their  projections  of  GDP  losses  from 
emission  abatement. 

The  OECD  Model  Comparison  Project  suggests  that  the  principal  reason  why 
model-based  studies  differ  with  respect  to  estimates  of  both  baseline  emissions  and 
abatement  costs  is  alternative  views  about  the  future  characteristics  of  the  energy  system 
embodied  in  the  models.  In  an  attempt  to  place  greater  reliance  on  expert  knowledge  in 
this  area,  Manne  and  Richels  (1994)  polled  a  group  of  individuals  on  their  beliefs  about 
key  parameters  to  which  abatement  costs  are  particularly  sensitive. 

For  each  parameter,  expert  beliefs  were  encoded  in  the  form  of  probability 
distributions  which  were,  in  turn,  combined  to  form  a  group  probability  distribution. 
Using  the  poll  responses  to  describe  the  uncertainty  surrounding  critical  parameters,  a 
probability  distribution  was  then  constructed  for  the  costs  of  stabilizing  global  COj 
emissions  at  1990  levels,  using  the  MR  model. 

Figure  9.25  presents  the  results  of  this  analysis.  The  spread  of  the  distribution  is 
quite  broad,  ranging  from  0.2%  to  6.8%  of  gross  world  product  (GWP).  The  median 
(that  is,  the  fiftieth  percentile)  is  located  at  approximately  1.0%  of  GWP.  The 
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distribution  is  also  quite  skewed.  Because  of  the  long  right-hand  tail,  the  mean  value  lies 
to  the  right  of  the  median,  at  approximately  1.5%  of  GWP. 

9.2.5.1.2  The  costs  of  meeting  alternative  emission  targets 

In  addition  to  the  emission  stabilization  scenario,  the  OECD  project  examined  three 
alternative  scenarios  in  which  the  growth  rate  of  emissions  in  each  region  is  reduced 
below  that  of  the  corresponding  baseline  by  1,  2,  and  3  percentage  points  respectively. 
Figure  9.26  plots  global  GDP  losses  as  a  function  of  worldwide  emissions.  Although 
there  are  significant  variations  in  cost  estimates  across  models,  the  results  yield  some 
important  insights. 

First,  notice  that  the  costs  of  stabilizing  emissions  at  1990  levels  (approximately  6 
billion  tonnes)  are  lower  in  2000  than  in  later  years.  The  increase  in  emissions  over  the 
present  decade  is  relatively  small  and  there  are  ample  quantities  of  low-cost  substitutes 
(e.g.,  natural  gas  and  demand-side  management)  to  achieve  the  objective. 

This  situation  does  not  persist  as  we  move  out  in  time.  Although  technical 
progress  may  eventually  lower  the  marginal  cost  of  emission  abatement,  more  and  more 
carbon  must  be  removed  from  the  energy  system  in  order  to  maintain  a  particular  target. 
As  a  result,  annual  losses  are  apt  to  increase. 

As  one  would  expect,  output  losses  and  macroeconomic  impacts  in  general  rise 
with  the  Stringency  of  the  abatement  target,  but  it  is  important  to  note  the  nonlinear 
nature  of  the  loss  function.  Successive  emission  reductions  are  increasingly  expensive.  As 
cheaper  options  to  reduce  emissions  are  used  up,  it  becomes  increasingly  difficult  to 
substitute  for,  or  to  economize  on,  fossil  fuels. 

For  the  models  that  incorporate  backstop  technologies,  the  marginal  cost  of 
emission  abatement  will  eventually  level  off.  This  accounts  for  the  linear  nature  of  the 
total  cost  curves  for  CRTM  and  MR  in  the  year  2100.  ERM,  on  the  other  hand,  excludes 
backstop  technologies.  Hence  costs  continue  to  rise  nonlinearly  as  a  function  of  emission 
reduction. 

9.2.5.1.3  The  potential  gains  from  international  cooperation 

Emission  reduction  actions  affect  global  emissions  and  atmospheric  concentrations 
equally,  irrespective  of  the  geographical  and  sectoral  origin  of  the  emissions.  The  least- 
cost  global  abatement  strategy  requires  reducing  emissions  where  it  is  cheapest  to  do  so. 
If  the  costs  of  reducing  emissions  by  a  tonne  were  constant  and  the  same  in  all  regions, 
the  location  of  emission  reduction  would  have  no  effect  on  global  costs.  To  the  extent 
that  marginal  costs  vary  among  regions,  there  are  opportunities  for  efficiency  gains 
through  international  cooperation. 
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These  opportunities  may  be  exploited  through  a  system  of  international  trade  in 
carbon  emission  rights  or  a  global  carbon  tax.  Emission  rights  trading  would  allow  for  a 
more  efficient  allocation  of  emission  reductions  across  regions  by  letting  countries  trade 
to  the  point  where  the  marginal  cost  of  emission  reduction  is  the  same  in  all  places  and 
activities  .  A  global  carbon  tax  would  also  result  in  the  marginal  cost  of  emission 
reduction  being  equal  for  all  countries.^ 

Figure  9.27  shows  the  carbon  taxes  that  would  be  required,  on  a  region-by-region 
basis,  to  achieve  a  given  level  of  emission  reduction  (OECD,  1994).  Although  these 
"emission  reduction  cost  curves"  are  from  a  single  study,  virtually  all  analysts  agree  that 
the  marginal  costs  of  emission  reduction  are  apt  to  vary  widely  among  regions.  Efficiency 
gains  can  be  reaped  from  shifting  abatement  from  high  to  low  marginal  cost  regions.  If 
the  resulting  cost  savings  are  shared  between  participating  regions,  all  can  be  made 
better  off. 

The  potential  gains  from  international  cooperation  can  be  demonstrated  by 
comparing  the  total  costs  of  achieving  a  global  emission  target  alternatively  with  and 
without  trade  in  carbon  emission  rights.  Table  9.25  reports  the  results  of  such  an 
experiment.  From  the  viewpoint  of  economic  efficiency,  trade  in  emission  rights  is  clearly 
worthwhile.  A  reduction  strategy  in  which  each  region  reduces  its  emissions  by  the  same 
percentage  will  not  be  globally  cost-effective. 

9.2.5.1.4  Allocation  of  emission  rights 

The  establishment  of  international  trade  in  carbon  emission  rights  requires  a  decision  on 
the  allocation  of  emission  rights  among  nations,  which,  in  turn,  has  major  implications 
for  the  international  distribution  of  wealth.  The  decision  on  how  emission  rights  are 
distributed  among  regions  does  not  affect  global  abatement  costs  significantly,"  but  it 
will  have  a  major  impact  on  the  distribution  of  net  gains  and  losses  and  hence  on  the 
perceived  equity  of  the  agreement.  This  is  a  political  rather  than  an  economic  issue,  as 
there  is  no  unique  or  objective  definition  of  fairness  (see  Chapter  3). 

Edmonds  et  al.  (1993)  studied  a  variety  of  schemes  for  allocating  emission  rights. 
At  one  end  of  the  spectrum  they  considered  a  "grandfathered"  emissions  principle  in 
which  future  emission  rights  are  allocated  on  the  basis  of  the  share  in  global  emissions  at 
the  time  of  joining  a  global  abatement  agreement.  At  the  other  end  of  the  spectrum, 
they  examined  an  "equal  per  capita  emissions"  principle  where  emission  rights  are 
allocated  on  the  basis  of  regions'  shares  in  adult  population. 

Figures  9.28  and  9.29  are  based  on  a  scenario  in  which  global  emissions  are 
permanently  held  at  1990  levels.  They  show  results  obtained  by  grandfathering  emission 
rights  and  by  granting  quotas  on  the  basis  of  equal  per  capita  emissions  respectively.  The 
allocation  of  emission  rights  differs  markedly  under  these  two  extreme  quota  allocation 
schemes.*  OECD  countries  hold  on  to  approximately  50%  of  the  emission  rights  when 
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the  status  quo  is  maintained  under  a  grandfathering  scheme,  while  under  the  equal  per 
capita  emissions  scheme,  their  share  drops  to  about  20%. 

The  implications  for  regional  net  costs  incurred  are  as  expected:  the  OECD  is 
much  better  off  with  the  status  quo.  Indeed,  the  OECD  region  would  be  a  seller  of 
emission  rights,  and  the  resulting  wealth  transfers  would  be  sufficient  to  reduce  the 
region's  GDP  losses  from  abatement  to  a  negligible  level.  Under  such  a  scenario,  the 
economic  burden  on  developing  countries  would  be  substantial. 

An  equal  per  capita  quota  allocation  scheme  would  substantially  shift  the 
distribution  of  net  benefits  and  losses:  the  OECD  countries  would  incur  significant  net 
income  losses,  and  the  region  labelled  ROW  (rest  of  world)  would  be  a  winner.  Under 
either  scheme,  China  incurs  substantial  net  income  losses,  except  for  the  very  early  years. 
Unless  it  can  greatly  increase  its  energy  efficiency,  China's  rapidly  rising  demand  for 
energy  far  outstrips  its  allocation  of  emission  rights,  even  under  an  equal  per  capita 
quota  allocation  rule. 

In  a  third  scenario,  also  based  on  emission  stabilization,  Edmonds  et  al.  explore 
what  they  refer  to  as  a  "no  harm  to  developing  nations"  principle.  Here  developing 
nations  receive  sufficient  emission  rights  to  cover  their  own  emissions  and  to  generate 
sufficient  revenue  from  excess  quota  sales  to  cover  the  economic  cost  of  participating  in 
the  agreement.  This  leaves  developing  countries  no  worse  off  (in  terms  of  total 
production  plus  income  transfers)  than  had  they  not  participated  in  the  agreement.  The 
results  under  such  a  quota  allocation  rule  in  terms  of  regional  wealth  transfers  and  net 
income  changes  are  shown  in  Figure  9.30.' 

9.2.5.1.5  Carbon  "leakage" 

Some  proposals  for  limiting  COj  emissions  call  for  high-income  countries  to  take  the 
lead  in  reducing  emissions.  When  abatement  actions  are  limited  to  a  subset  of  regions,  it 
is  important  to  consider  so-called  carbon  "leakage"  effects,  which  represent  the  impacts 
of  the  emission  policies  of  abating  regions  upon  the  emission  levels  of  non-abating 
regions. 

Leakage  can  occur  through  a  number  of  channels,  including 

the  relocation  of  the  production  of  energy-intensive  products  to  non-abating 
regions; 

energy  market  effects,  including  increased  energy  consumption  in  non-abating 
regions  and  interfuel  substitution  between  fuels  of  differing  carbon  contents,  due 
to  the  differential  decline  in  fossil  fuel  prices  in  response  to  reduced  demand  in 
abating  regions;  and 
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changes  in  regional  incomes  (and  thus  energy  demand)  due  to  terms-of-trade 
changes. 

Such  leakage  effects  can  be  positive  or  negative  (negative  leakage  reduces  carbon 
emissions  in  nonparticipating  regions).  Negative  carbon  leakage  occurs,  for  example,  in 
the  case  of  a  reduction  in  the  incomes  of  energy  exporting  regions  when  major  oil 
consuming  regions  abate  c£irbon  emissions. 

There  have  been  several  attempts  to  estimate  leakage  (Barrett,  1994). 
Unfortunately,  estimates  have  varied  so  widely  that  they  provide  little  guidance  to  policy 
makers.  Pezzey  (1992),  using  the  model  of  AWeHeyWptilll  and  Wigle,  examined  a 
scenario  in  which  the  European  Union  acted  unilaterally  to  reduce  emissions  by  20% 
below  baseline.  He  found  that  for  every  10  tonnes  of  carbon  abated,  global  emissions  fell 
by  only  2  tonnes.  Leakage  rates  for  the  OECD  as  a  whole  were  of  the  order  of  70%. 

Horton,  Rollo,  and  Ulph  (1992)  estimated  even  higher  leakage  rates.  They  found 
that  for  some  industries  (e.g.,  fertilizer  production),  unilateral  abatement  action  could 
lead  to  substantial  relocation.  They  argue  that  if  the  shift  is  to  countries  where  energy 
use  is  more  carbon-intensive,  leakage  rates  may  exceed  100  percent. 

In  contrast,  Oliveira-Martins,  Bumiaux,  and  Martin  (1992),  using  the  OECD's 
GREEN  model,  estimate  relatively  small  leakage  rates.  They  examined  a  scenario  in 
which  emissions  are  held  to  1990  levels  and  found  leakage  rates  of  11.9%  and  3.5% 
res^ctively  for  the  European  Union  and  the  OECD  as  a  whole.  In  a  subsequent  study, 
Bumiaux  and  Oliveira-Martins  (1993)  found  that  negative  leakage  effects  nearly  offset 
positive  leakage  effects. 

Using  still  another  model  (12RT),  Manne  (1993)  estimated  leakage  rates  that  fall 
between  those  of  Pezzey  (1992)  and  Oliveira-Martins,  Bumiaux,  and  Martin  (1992).  He 
examined  a  case  in  which  the  OECD  acts  unilaterally  to  reduce  emissions  by  20%  below 
1990  levels  and  found  that  25%  of  the  OECD  region's  reductions  could  be  offset 
indirectly  through  changes  in  intemational  trade  patterns. 

The  reasons  why  results  differ  so  widely  are  not  entirely  clear.  Manne  and 
Ohveira-Martins  (1994)  have  attempted  a  systematic  model  comparison  of  results  from 
12RT  and  GREEN.  They  find  that  much  of  the  differences  in  leakage  rates  reported  by 
the  two  models  can  be  explained  by  different  assumptions  concerning  the  response  of 
trade  flows  to  changes  in  comparative  advantage  and  competitiveness  entailed  by  a 
regional  carbon  tax.  Other  key  determinants  of  the  extent  of  carbon  leakage  are  the  size 
and  composition  of  the  region  undertaking  unilateral  abatement  action,  the  supply 
elasticities  of  different  fossil  fuels,  and  the  elasticity  of  substitution  between  energy  and 
primary  inputs  of  labour  and  capital  in  the  production  process  in  participating  and 
nonparticipating  regions.  The  model  comparison  needs  to  be  extended  to  include  other 
models,  particularly  those  that  show  extremely  high  rates  of  leakage,  before  firm 
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conclusions  concerning  the  leakage  effects  of  unilateral  abatement  actions  can  be  drawn. 

9.2.5.1.6  The  costs  of  stabilizing  atmospheric  CO^  concentrations 

The  United  Nations  Framework  Convention  on  Climate  Change  has  as  its  ultimate 
objective  the  "stabilization  of  greenhouse  gas  concentrations  in  the  atmosphere  at  a  level 
that  would  prevent  dangerous  anthropogenic  interference  with  the  climate  system."  The 
question  of  what  constitutes  an  appropriate  concentration  level  is  likely  to  remain  the 
subject  of  intense  discussion  for  some  time.  But  there  is  little  disagreement  over  a 
subsequent  clause  in  the  Convention  ~  that  "policies  and  measures  to  deal  with  climate 
change  should  be  cost-effective  so  as  to  ensure  global  benefits  at  the  lowest  possible 
cost." 

The  issue  of  cost-effectiveness  was  addressed  in  a  study  by  Richels  and  Edmonds 
(1994).  Although  a  particular  concentration  target  can  be  achieved  in  a  variety  of  ways, 
some  will  be  more  costly  than  others.  Using  a  reduced  form  carbon  cycle  model  to 
construct  alternative  emission  paths,  the  authors  attempted  to  identify  those  paths  that 
would  minimize  the  costs  of  achieving  alternative  concentration  levels.  Global  abatement 
costs  were  calculated  using  the  Global  2100  and  Edmonds-Reilly  models. 

The  analysis  suggests  that  the  emission  time  path  may  be  as  important  as  the 
concentration  level  itself  in  determining  the  costs  of  emission  abatement.  Time  is  needed 
both  for  an  economical  turnover  of  the  existing  capital  stock  and  to  develop  and  deploy 
low-cost  carbon-free  alternatives.^  The  most  cost-effective  emission  time  paths  are  those 
which  provide  the  greatest  flexibility  in  managing  the  transition  away  from  fossil  fuels. 
Shifting  emission  reductions  into  the  outer  years  can  reduce  costs  substantially  while 
preserving  both  the  concentration  target  and  the  date  at  which  the  target  is  achieved. 

As  an  example,  the  authors  calculated  the  economic  costs  associated  with  two 
alternative  scenarios  for  limiting  atmospheric  COj  concentrations  to  500  ppmv  in  the 
year  2100  (see  Figure  9.31).  One  involved  stabilizing  global  emissions  at  1990  levels 
through  the  end  of  the  next  century.  The  second  provided  for  some  increase  in  emissions 
during  the  early  years  when  the  costs  of  emission  abatement  are  highest,  followed  by 
sharp  reductions  in  the  later  years  when  it  is  cheapest  to  do  so.  For  this  example,  shifting 
emission  reductions  into  the  outer  years  reduced  costs  by  as  much  as  50%. 

The  fact  that  deferring  reductions  may  lead  to  lower  costs  should  not  be 
interpreted  as  supporting  a  "wait  and  see"  or  "do  nothing"  strategy.  Part  of  the  savings 
stem  from  not  having  to  turn  over  the  existing  carbon-intensive  capital  stock  prematurely. 
If  we  are  to  depart  from  the  business-as-usual  path,  however,  it  is  important  that  the  new 
capital  stock  be  less  carbon  intensive.  This  means  that  energy  sector  decision  makers 
must  commit  to  a  less  carbon-intensive  infrastructure  when  making  new  investments. 
Secondly,  new  supply  options  typically  take  many  years  to  enter  the  marketplace.  To 
have  sufficient  quantities  of  low-cost  substitutes  in  the  future  will  require  a  sustained 
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commitment  to  research  and  development  today. 

9.25.2  A  review  oj  bottom-up  studies:  the  critical  role  of  innovation 

Several  bottom-up  studies  have  been  carried  out  with  the  aim  of  providing  a  normative 
view  of  the  very  long-term  future.  Following  the  work  of  Lovins  in  the  seventies  and 
early  eighties,  Energy  for  a  Sustcunable  World  by  Goldemberg  et  al.  (1987)  played  a  key 
role  in  emphasizing  the  differences  between  the  developed  and  developing  countries.* 

A  typical  global  bottom-up  analysis  has  been  carried  out  for  Greenpeace 
International  by  the  Stockholm  Environment  [al?]  Institute,  Boston  (1993)  for  the  period 
1985-2100.  The  study  includes  a  "fossil-free  energy  future"  (FFES)  scenario  with  the 
following  objectives  and  constraints: 

meeting  ambitious  global  COj  emission  reduction  targets; 

phasing-out  nuclear  power  by  the  year  2100; 

considering  alternative  scenarios  for  infrastructure,  population,  and  GDP,  with  the 

aim  of  achieving  a  greater  degree  of  economic  equity  between  different  regions  of 

the  world. 

For  comparison,  two  reference  scenarios  were  used  as  a  high  and  low  projection 
case  for  CO2  emissions,  namely  the  IPCC  1991  scenario  as  the  high  alternative  and  an 
average  of  the  U.S.  EPA's  "Rapidly  and  Slowly  Changing  World"  cases  as  the  low 
alternative  (IPCC  1991;  Lashof  and  Tirpak,  1990).  Emissions  for  these  reference 
scenarios  for  the  year  2100  range  between  22.6  PgC  for  IPCC  91  and  17.7  (PgC)  for  the 
EPA.  These  reference  scenarios  are  shown  in  Table  9.26,  together  with  the  policy 
scenarios  of  the  FFES  study  and  the  EPA  "Rapid  Reductions"  policy  scenario.  CO2 
emissions  decrease  to  zero  in  the  year  2100  in  both  these  intervention  cases. 

The  total  primary  energy  consumption  is  relatively  similar  in  the  FFES  and  the 
EPA  policy  scenarios.  The  scenarios  differ  significantly,  however,  in  their  assumptions 
about  the  structure  of  the  energy  supply  system.  The  EPA  scenario  assumes  that 
renewables  will  account  for  77%  of  total  primary  energy  consumption  in  2100,  while  the 
FFES  assumes  100%.  Furthermore,  the  EPA  scenario  assumes  a  higher  share  of  biomass, 
amounting  to  58%  of  primary  energy  consumption  in  2100,  compared  with  only  18%  in 
the  FFES.  The  FFES  instead  expects  solar /wind  resources  to  cover  as  much  as  79%  of 
primary  energy  consumption  in  2100,  compared  with  only  9%  in  the  EPA  policy  scenario. 

The  high  expectations  for  the  contribution  of  solar  and  wind  in  the  FFES  scenario 
are  linked  to  the  assumption  that  a  breakthrough  in  solar  photovoltaic  electricity 
production  costs  will  occur  during  the  period  2010-2030.  In  the  same  way,  a  breaJcthrough 
is  expected  for  electricity  production  costs  for  wind  power,  providing  an  opportunity  for 
utilizing  the  technology  in  areas  with  weaker  wind  resources.  Finally,  the  development  of 
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advanced  storage  facilities  would  enable  intermittent  solar  and  wind  resources  to  service 
a  greater  part  of  the  electricity  system's  load.  All  these  assumptions  about  technical 
progress  explain  why  the  FFES  concludes  that  the  costs  of  implementing  the  scenario  are 
small  compared  with  the  baseline. 

The  high  contribution  of  renewables  in  the  FFES  scenario  is  in  contrast  to  the 
conclusion  of  an  extensive  analysis  of  renewable  energy  potential  by  the  World  Energy 
Council  (1994).  This  analysis  estimates  that  renewable  energy  resources  would  supply 
about  50%  of  total  energy  by  2100  in  the  so-called  "ecologically  driven  scenario,"  which  is 
the  most  far-reaching  CO2  reduction  case  in  the  study.  It  is  argued  that  the  total 
potential  for  renewable  energy  could  be  larger  at  that  time,  but  if  renewables  make  a 
major  contribution  and  energy  growth  is  low  over  a  long  period  as  assumed  in  the 
ecologically  driven  scenario,  supplies  of  petroleum  and  natural  gas  will  still  be  available 
and  it  will  be  beneficial  to  mix  different  sources  in  the  supply  system. 

An  integrated  global  top-down/bottom-up  analysis  has  been  carried  out  in 
relation  to  the  IPCC  Working  Group  II  Second  Assessment  Report  (Volume  2  of  this 
|^i|J  and  has  resulted  in  the  construction  of  scenarios  for  a  lx)w  Emissions  Supply 
System  (LESS).  The  scenario  results  are  shown  in  Figure  9.32. 

The  LESS  scenarios  provide  estimates  of  the  potential  for  greenhouse  gas 
emission  abatement  using  data  developed  from  the  detailed  technology  assessments  in 
the  Working  Group  Ha  assessment  process  (IPCC,  1994).  The  energy  supply  systems 
were  constructed  from  work  by  both  bottom-up  (Lashof  and  Tirpak,  1990;  Johansson  et 
al.,  1993)  and  top-down  modellers  (Edmonds,  1994).  In  the  bottom-up  variant,  the 
starting  point  is  energy  demand  projections  by  world  regions  for  2025,  2050,  2075,  and 
2100  developed  by  the  Response  Strategies  Working  Group  (RSWG,  1990)  as  part  of  the 
IPCC  1990  Assessment  Report.  A  high  economic  growth  version  of  this  scenario 
demonstrated  the  importance  of  technology  assumptions  in  the  LESS  analysis.  Global 
GDP  grows  8-fold  by  2050  relative  to  1985  and  28-fold  by  2100,  with  primary  energy 
consumption  growing  from  323  EJ  in  1985  to  559  EJ  in  2050  and  664  EJ  in  2100. 
Biomass,  mostly  for  fuels  used  directly,  plays  a  major  role.  It  accounts  for  31%  of 
primary  energy  in  2025  and  rises  to  50%  in  2100  in  one  version  of  the  scenario. 

As  a  comparison  with  the  LESS  bottom-up  analysis,  a  top-down  analysis  was 
carried  out  (Edmonds  et  a/.  [Edmonds,  Wise,  and  MacCracken  or  Edmonds,  Wise, 
Pitcher,  et  al.?]  1994),  incorporating  performance  and  cost  parameters  for  some  of  the 
key  energy  technologies  used  in  the  construction  of  the  base  case.  The  following  six 
technology  cases  were  modelled: 

1.  A  reference  scenario  very  similar  to  IPCC  1992a  (IPCC,  1992;  the  exogenous  end- 
use  energy  intensity  improvement  rate  is  0.5%  by  2005,  rising  to  1.0%  by  2035  and 
reaching  1.5%  by  the  year  2065); 
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2.  Similar  to  Case  1,  but  with  an  emphasis  on  energy-efficient  power  generation  from 
fossil  fuels  (efficiency  reaches  66%  by  2095); 

3.  Similar  to  Case  1,  but  hydrogen,  solar,  and  wind  power  become  more  competitive; 

4.  Similar  to  Case  3,  but  compressed  hydrogen  is  used  instead  of  liquefied  hydrogen; 

5.  Similar  to  Case  4,  but  biomass  prices  are  more  competitive; 

6.  Similar  to  Case  5,  but  the  autonomous  rate  of  energy  efficiency  improvements 
increases  to  2.0%  per  year  in  2050. 

The  results  of  the  scenario  analysis  are  given  in  Figure  9.33,  showing  global  annual  fossil 
fuel  COj  emissions  and  energy  production  and  use. 

Cases  5  and  6  show  that  if  the  assumed  technological  characteristics  are  realized, 
significant  reductions  in  CO2  emissions  could  be  achieved  without  economic  penalty,  as 
the  technologies  embodied  in  the  low  emissions  scenario  become  competitive  under 
market  conditions  with  traditional  fossil  fuel  technologies. 

These  LESS  scenario  results  support  the  suggestion  that  the  disagreement  in  the 
numerical  outcomes  of  the  models,  in  the  very  long  run,  is  due  less  to  the  modelling 
structure  than  to  the  exogenous  hypotheses.  From  a  decision-making  point  of  view, 
however,  the  most  sensitive  issue  that  remains  to  be  addressed  is  the  plausibility  of  this 
long-term-  transition,  if  one  accounts  for  all  the  general  equilibrium  effects  (for  example, 
the  implications  of  shifting  agricultural  activities  to  fuel  production)  and  for  all  the 
transaction  costs  involved  in  the  transition.  It  is,  however,  worth  noting  that  the  World 
Energy  Council's  ecologically  driven  case,  which  includes  less  voluntaristic  assumptions 
than  the  LESS  scenarios,  points  to  a  60%  reduction  in  global  energy-related  CO2 
emissions  from  1990  levels  in  2100.  This  scenario  is  buttressed  by  a  very  comprehensive 
study  of  renewable  energy  prospects  out  to  the  year  2100. 

93  Studies  of  the  Costs  of  Carbon  Sequestration 

There  are  many  difficulties  inherent  in  developing  and  comparing  estimates  of  carbon 
sequestration  costs  (see  Chapter  8,  Section  3.4).  Those  difficulties  notwithstanding,  this 
section  attempts  to  summarize,  compare,  and  critique  the  results  of  national,  regional, 
and  global  carbon  sequestration  studies. 

Many  factors  affect  studies'  estimates  of  carbon  sequestration  costs  and  potential, 
including  assumptions,  methods,  and  data  used  with  respect  to  land  area,  land  costs, 
treatment  costs,  discount  rates,  carbon  capture  rates  and  patterns,  ecosystem  components 
included  in  the  analysis,  and  the  treatment  of  forest  products.  The  data  and  assumptions 
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employed  by  various  studies  are  summarized  in  Tables  9.27  to  9.34. 

As  an  illustration  of  the  variation  in  data  employed  by  sequestration  studies, 
consider  the  estimates  of  land  availability  by  region  and  practice  listed  in  Table  9.27. 
For  the  tropics,  Grainger  (1988)  has  estimated  that  621x10*  ha  of  land  may  be  suitable 
for  establishing  forest  plantations.  Dixon,  Winjum,  and  Krankina  (1991)  appear  to  be  in 
relatively  close  agreement  with  this  figure,  estimating  that  there  are  551x10  ha  suitable 
for  forest  plantations  in  Latin  America,  Africa,  and  Asia.   In  contrast,  for  the  same  three 
regions,  Houghton  et  al.  (1993)  arrive  at  an  estimate  of  less  than  half  as  much  -  251x10* 
ha.  The  more  optimistic  figures  are  lent  support  by  the  studies  of  Ravindranath  and 
Somashekhar  (1994)  and  Xu  (1994),  which,  taken  together,  suggest  that  there  are  more 
than  150x10*  ha  suitable  for  forestry  plantations  in  India  and  China.  The  estimates  for 
tropical  agroforestry  show  similar  disagreement.  Dixon,  Winjum,  and  Krankina  (1991) 
estimate  that  there  are  835x10*  ha  suitable  for  agroforestry,  while  Houghton  et  al.  (1993) 
suggest  that  1895x10*  ha  are  available. 

The  range  of  estimates  of  land  availability  for  the  temperate  areas  is  only  slightly 
narrower.  Adams  et  al.  (1990),  Moulton  and  Richards  (1990),  and  Richards  et  al.  (1993) 
suggest  that  there  may  be  100x10*  to  115x10*  ha  of  marginal  agricultural  land  suitable  for 
afforestation  in  the  United  States  alone.   However,  Dixon,  Winjum,  and  Krankina  (1991) 
identify  only  42x10*  ha  in  all  of  North  America  as  suitable  for  forest  plantations.   Parks 
and  Hardie  (1995)  consider  only  10.4x10*  ha  in  the  United  States  for  their  analysis, 
though  the  land  area  constraint  in  their  study  is  determined  by  an  assumed  programmatic 
budget  and  not  by  land  availability. 

Studies  have  also  shown  a  wide  range  of  estimates  of  land  costs.  As  discussed  in 
Chapter  8,  this  factor  has  proved  particularly  difficult  because  of  the  many  nonmarket 
considerations  associated  with  the  social  cost  of  converting  between  land  uses.   Because 
of  the  difficulty  of  determining  the  appropriate  figures,  some  studies  simply  have  not 
included  land  costs  as  an  element  of  the  cost  analysis  (e.g.,  Dixon,  Schroeder,  and 
Winjum,  1991).  Others  have  apparently  assumed  that  the  use  of  land  is  costless  because 
it  is  either  public  land  (New  York  State,  1991)  or  because  the  wood  products  will 
eventually  pay  for  the  land  (van  Kooten  et  al.,  1992;  Xu,  1994).   As  might  be  expected, 
those  that  have  included  land  costs  have  arrived  at  a  wide  range  of  estimates  for  that 
variable.  Table  9.28  provides  a  summary  of  the  land  cost  data  employed  in  the  various 
studies.  Note  that  several  of  the  studies  that  provide  estimates  of  land  availability  do  not 
include  cost  figures. 

Initial  treatment  costs  (see  Table  9.29)  are  generally  expressed  as  a  capital  outlay, 
while  the  maintenance  costs,  if  included,  are  expressed  as  annual  costs.   Land  costs  may 
be  expressed  as  either  aimual  costs  (rent)  or  capital  costs.  The  cost  analysis  is  facilitated 
by  summarizing  these  costs  as  either  a  net  present  value  equivalent  or  an  equivalent 
annual  cost.  The  key  factor  for  this  operation  is  the  discount  rate  applied  to  these  costs. 
Table  9.30  summarizes  the  discount  rates  used  by  various  sequestration  cost  studies. 
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The  importance  of  the  choice  of  discount  rate  depends  critically  upon  the  specific 
structure  of  the  analysis.  For  example,  Moulton  and  Richards  (1990)  defined  the  cost 
per  tonne  of  carbon  as  a  ratio  of  land  rent  plus  annualized  establishment  costs  to 
average  aimual  carbon  capture.  Since  establishment  costs  are  such  a  small  part  of  the 
total  costs  in  that  analysis,  the  difference  between  applying  a  4%  and  a  10%  discount 
rate  was  minor.  However,  in  Richards  et  al.  (1993),  which  used  land  purchase  costs  and 
time-dependent  carbon  yield  curves,  raising  the  discount  rate  from  3%  to  7%  nearly 
doubled  the  unit  cost  of  carbon  sequestration. 

One  of  the  most  significant  differences  among  studies  is  how  they  have  addressed 
the  irregular  flows  of  carbon  inherent  in  carbon  sequestration  and  the  differences  in 
patterns  among  activities.  For  example,  as  Figure  9.34  illustrates,  planting  Loblolly  pine 
on  agricultural  land  in  the  Southeast  Region  of  the  United  States  leads  to  carbon  uptake 
rates  that  peak  during  the  second  decade  after  planting  and  taper  off  during  the  next 
four  decades.  In  contrast,  the  carbon  uptake  rates  associated  with  planting  Ponderosa 
pine  in  the  Mountain  States  do  not  peak  until  the  sixth  decade  after  planting.   Other 
carbon  sequestration  activities  have  similar  variations  in  their  flows  over  time. 

Carbon  sequesuation  studies  have  dealt  with  carbon  flows  in  one  of  several  ways. 
Some,  such  as  Adams  et  al.  (1993)  and  Moulton  and  Richards  (1990),  have  used  average 
carbon  yields,  expressed  in  tonnes  per  acre  per  year  over  the  first  forty  years  after  tree 
stand  establishment.  Others  have  used  yield  curves  such  as  those  illustrated  in  Figure 
9.34  to  describe  expected  carbon  flows  on  a  year-by-year  basis  (Nordhaus,  1991  [a  or  b?]; 
Richards  et  al.,  1993).  A  third  approach,  introduced  by  Schroeder  (1992),  expresses 
programme  effects  on  carbon  in  terms  of  storage  rather  than  flows.  The  method,  called 
mean  carbon  storage  (MCS),  assumes  that  once  a  practice  is  implemented,  the  forest 
system  is  sustained  in  the  same  use  over  time.  Thus  the  carbon  changes  are  expressed  in 
terms  of  the  change  in  the  amount  of  carbon  storage  on  site,  averaged  over  one  full 
rotation.  This  is  expressed  as 

where  Q  is  the  standing  carbon  (tonnes)  in  year  i,  and  n  is  the  rotation  length.  Finally, 
the  standing  carbon  method,  a  variation  on  the  MCS  method,  expresses  accomplishments 
in  terms  of  the  carbon  standing  at  the  end  of  the  analysis  period,  say  fifty  years.  This  is 
the  method  used  by  Ravindranath  and  Somashekhar  (1994).  Table  9.2.5  provides  a 
summary  of  the  methods  employed  by  sequestration  cost  studies. 
[EQUATION  NEEDS  TO  BE  TIDIED  UP.  PLEASE  PROVIDE  CLEAN  VERSION. 
WHAT  IS  THE  TERM  A?] 

Carbon  flows  into  forests  can  also  be  reversed  by  harvesting.  Those  studies  that 
have  concentrated  on  plantation  establishment  have  dealt  with  this  issue  in  one  of  three 
ways  (Table  9.32).  The  group  of  studies  that  employ  the  MCS  method  assume  that  all 
carbon  is  released  upon  harvest,  but  that  the  forestry  practices  are  repeated  in 
continuous  rotations  (Dixon,  Schroeder,  and  Winjum,  1991;  Dixon,  Winjum,  and 
Krankina,  1991;  Dixon  et  al.,  1994).   Hence,  the  concept  of  carbon  release  is  built  into 
the  analysis.  Another  group  of  studies  assumes  that  the  land  planted  with  trees  is 
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permanently  withdrawn  from  other  uses,  including  harvest  of  wood  products,  so  that 
there  is  no  release  of  carbon  (e.g.,  Nordhaus,  1991  [a  or  b?];  Richards  et  al.,  1993).  This 
assumption  must  be  reflected  in  the  calculation  of  land  costs.     Finally,  some  studies 
simply  do  not  address  the  release  of  carbon  upon  harvest,  implicitly  assuming  that  either 
the  forest  area  will  not  be  harvested,  or  that  the  harvest  will  occur  so  far  in  the  future  as 
not  to  be  a  concern  (e.g.,  Moulton  and  Richards,  1990). 

Several  components  of  a  forest  ecosystem  store  carbon,  including  tree  trunks, 
branches,  leaves,  and  coarse  and  fine  roots;  soils;  litter;  and  understory.  Studies  have 
varied  significantly  with  respect  to  how  they  address  these  various  components.  Some 
have  included  all  components  in  their  carbon  accounting  (e.g.,  Moulton  and  Richards, 
1990).  Others  have  limited  their  analysis  to  above-ground  carbon  (Dixon  et  al.  [Dixon, 
Wiiyum,  and  Krankina  or  Dixon,  Schroeder,  and  Wiiyum],  1991).  Table  9.33  provides  a 
summary  of  which  carbon  components  are  included  in  each  of  the  studies  reviewed. 

Box  8.2  in  Chapter  8  [DONT  HAVE  BOX  82.  PLEASE  SUPPLY.]  provided  a 
discussion  and  sample  calculations  of  the  various  summary  statistics  used  in  carbon 
sequestration  cost  studies  to  capture  the  concept  of  "dollars  per  tonne  of  carbon 
sequestration."  Van  Kooten  et  al.  (1992)  demonstrate  the  importance  of  the  choice  of 
summary  statistics  in  their  analysis  of  the  cost-effectiveness  of  carbon  sequestration  in 
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Canada.  Their  analysis  of  costs  employs  the  flow  summation  method,  while  an  appendix 
provides  calculations  using  the  levelization  approach.  The  costs  in  the  latter  case  rise  by 
a  factor  of  5  to  10  relative  to  the  former  case.  Table  934  provides  a  summary  of  the 
approaches  employed  by  the  carbon  sequestration  cost  studies. 

9  J.l  Costs  of  Carbon  Sequestration 

Table  935  summarizes  the  estimates  of  unit  costs  of  carbon  sequestration  provided  by 
the  studies  reviewed  here.  The  studies  fall  into  four  general  categories.  One  group 
concentrates  on  the  potential  of  North  America  to  sequester  carbon  (Adams  et  al.,  1993; 
Moulton  and  Richards,  1990;  New  York  State,  1990;  Van  Kooten  et  al.,  499d|||2;  Parks 
and  Hardie,  1995;  Richards  et  al.,  1993).  This  group  predominantly  uses  a  cost 
levelization/discounting  approach.  The  one  exception  is  van  Kooten  et  al.  (1992),  and 
they  complement  their  flow  summation  approach  by  providing  cost  levelization  results  in 
their  appendix.    The  second  group  considers  the  carbon  sequestration  potential  of  major 
ecological  regions  of  the  world  using  the  average  storage  method  (Dixon,  Schroeder,  and 
Winjum,  1991;  Dixon,  Winjum  and  Krankina,  1991;  and  Dixon  et  al.,  1994).  The  third 
group  is  comprised  of  studies  of  the  global  potential  and  cost  of  carbon  sequestration 
(Sedjo  and  Solomon,  1989;  Nordhaus,  1991[a  or  b?]).   Sedjo  and  Solomon  (1989)  do  not 
provide  unit  cost  calculations  of  carbon  sequestration,  while  Nordhaus  applies  a 
discounting  method.  The  fourth  group,  a  set  of  recent  studies,  examines  the  potential  for 
carbon  sequestration  in  individual  developing  countries  (Masera  et  al.,  1994; 
Ravindranath  and  Somashekhar,  1994;  Xu,  1994).  These  studies  use  either  the  average 
storage  method  or  the  flow  summation  method. 

Among  the  group  of  studies  that  concentrate  on  North  America,  the  estimates  of 
carbon  costs  fall  into  a  relatively  narrow  range.   After  accounting  for  the  differences 
attributable  to  cost  analysis  methods,  Moulton  and  Richards  (1990)  provide  the  lowest 
cost  range  ($9  per  tonne  to  $41  per  tonne  of  carbon  captured).  These  estimates  were 
subsequently  revised  to  reflect  refined  (lower)  carbon  yield  estimates,  the  elasticity  of 
demand  for  agricultural  land,  administrative  costs,  and  failure  rates  (Richards,  et  al. 
1993).  The  analysis  by  Adams  et  al.  (1993),  which  is  based  on  a  method  of  imputing  land 
values  through  consumer  welfare  loss  derived  within  a  mathematical  programming  model 
of  the  agricultural  sector,  tends  to  confirm  the  revised  results.  Both  studies  suggest  that 
the  marginal  cost  of  carbon  sequestration  would  range  from  $9  to  about  $65  per  tonne[?] 
of  carbon  captured  (levelized  cost  basis).  The  New  York  State  (1991)  study  is  in  close 
agreement  with  the  previous  two  studies. 

Parks  and  Hardie  (1995)  present  a  very  different  picture.  They  suggest  a  similar 
lower  range  on  costs  but  a  very  rapid  increase  that  approaches  $90  per  tonne  of  carbon. 
Several  factors  contribute  to  the  difference  in  costs.  First,  Parks  and  Hardie  recognize 
much  less  land  availability  than  either  Adams  et  al.  (1993)  or  Richards  et  al.  (1993). 
This  means  that  they  move  into  more  expensive  land  very  quickly.  Also,  as  indicated  by 
Tables  9.28  and  9.30,  their  annual  land  costs  are  estimated  at  40-650  $/ha/yr  and  their 

52 


938 


discount  rate  is  4%.  This  suggests  a  capitalized  land  cost  over  the  ten-year  rental 
contracts  of  320  $/ha  to  5300  $/ha,  a  rental  cost  that  is  higher  than  that  used  by 
Richards  et  al.  (1993)  for  the  outright  purchase  of  land.  Also,  Parks  and  Hardie  (1995) 
use  lower  carbon  yield  estimates  and  include  only  tree  carbon  in  their  calculations. 
Finally,  and  perhaps  most  importantly,  their  costs  are  annualized  over  only  a  10-year 
contract  period.  While  this  may  be  appropriate  for  their  analysis  of  a  specific 
hypothetical  government  programme,  it  almost  certainly  overstates  the  costs  of  carbon 
sequestration  in  a  broader  context,  since  carbon  capture  continues  for  several  decades 
into  the  future,  even  after  the  end  of  government  land  rental  payments. 

In  their  presentation  of  levelized  costs,  van  Kooten  et  al.  (1992)  also  provide 
higher  estimates  of  carbon  costs  than  either  Adams  et  al.  (1993)  or  Richards  et  al. 
(1993).  This  might  be  surprising  in  light  of  the  fact  that  they  do  not  include  land  costs  in 
their  estimates.  The  difference  can  be  attributed  in  part  to  higher  initial  establishment 
costs  and  the  low  growth  rates  expected  in  the  Canadian  forests.   Their  carbon  capture 
rates  are  also  low  because  they  only  consider  the  carbon  in  the  tree  trunks  and  not  whole 
ecosystem  carbon. 

The  two  studies  of  broad  geographic/climate  regions  suggest  that  the  costs  of 
carbon  sequestration  may  be  relatively  low  for  all  three  types  of  practices  -  forest 
plantations,  forest  management,  and  agroforestry  (Dixon,  Schroeder,  and  Winjum,  1991; 
Dixon  et  al.,  1994).  Although  these  costs  are  calculated  using  the  average  storage 
method,  the  costs  presented  here  suggest  lower  estimates  than  those  derived  in  the  North 
American  studies.   It  is  interesting  to  note  that  Dixon,  Schroeder,  and  Winjum  (1991) 
find  relatively  little  difference  among  the  boreal,  temperate,  and  tropical  regions  with 
respect  to  the  carbon  sequestration  costs  associated  with  forest  plantations  and  forest 
management,  which  range  from  $2  per  tonne  to  $8  per  tonne  and  $1  per  tonne  to  $13 
per  tonne  respectively.   In  contrast,  the  carbon  sequestration  costs  associated  with 
agroforestry  are  considerably  higher  in  the  temperate  region  ($23  per  tonne)  than  in  the 
tropics  ($5  per  tonne).  In  the  second  study,  however,  that  relation  seems  to  be  reversed: 
the  cost  in  the  tropical  areas  is  $2  to  $69  per  tonne  and  the  cost  in  North  America  is  $1 
to  $6  per  tonne  (Dixon  et  al.  1994).  The  reversal  appears  to  have  occurred  because  the 
relative  costs  of  initial  treatment  in  the  temperate  zone  were  lowered  in  the  second  study 
and  the  MCS  capacity  of  land  was  raised. 

The  two  studies  of  global  cost  estimates  differ  significantly.  The  Nordhaus 
(1991[a  or  b?])  estimate  of  $42-$114  per  tonne  for  the  unit  costs  of  global  carbon 
sequestration  through  afforestation  is  much  higher  than  those  from  the  other  two  groups. 
This  is  a  bit  surprising,  given  the  fact  that  Nordhaus's  land  and  treatment  cost  figures  are 
similar  to  those  used  by  other  studies.  The  difference  in  results  is  almost  entirely 
attributable  to  how  the  Nordhaus  study  treats  carbon  yields.    First,  Nordhaus  uses 
average  carbon  yield  factors  derived  from  the  review  of  greenhouse  gas  policy  options 
conducted  by  the  U.S.  EPA  (1989).  These  figures  are  for  carbon  yields  on  average 
commercial  timber  land  and  probably  substantially  underestimate  yields  expected  from 
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conversions  of  marginal  agricultural  land  to  forestry  plantations  (see  Table  9.31  for  a 
comparison  with  other  studies).   Second,  the  analysis  limits  the  total  cumulative  carbon 
to  a  range  of  30-50  tonnes/ha  and  assumes  that  this  amount  occurs  over  a  forty-year 
period  following  plantation  establishment.  These  figures  are  certainly  at  the  low  end  of 
the  expected  carrying  capacity  of  forest  plantations  (see,  e.g.,  Dixon,  Schroeder,  and 
Winjum,  1991).   Finally,  to  portray  the  timing  of  carbon  capture,  Nordhaus  applies  a 
logistic  growth  curve  that  has  the  effect  of  delaying  carbon  uptake  relative  to  the  rate 
given  by  the  average  flow  approach  or  the  MCS  approach.  Combined  with  a  levelization 
approach  to  costs,  this  delay  in  carbon  uptake  contributes  to  an  increased  imit  cost  of 
carbon  capture.  (Richards  et  al.,  1993,  also  captures  this  effect.) 

At  the  other  extreme,  Sedjo  and  Solomon  (1988)  provide  land  and  treatment  cost 
figures  that  would  suggest  a  cost  of  carbon  sequestration  of  $7  per  tonne  on  a  cost 
levelization  basis  and  $3  per  toime  on  a  flow  summation  basis.  This  relatively  low  cost 
estimate  is  due  to  their  optimistic  assumption  regarding  carbon  yield,  which  is  based 
upon  growth  rates  in  the  Pacific  Northwest  and  Southeast  regions  of  the  United  States. 
Applying  these  rates  to  a  global  analysis  is  probably  unrealistic,  but  it  does  suggest  that, 
at  least  in  some  regions,  carbon  sequestration  should  be  relatively  inexpensive. 

The  three  studies  of  individual  developing  countries  provide  an  interesting 
contrast.   While  Masera  et  al.  (1994)  estimate  that  carbon  sequestration  on  forest 
plantations  in  Mexico  would  cost  $5-$  11  per  tonne,  Xu  (1994)  calculates  that  carbon 
could  be  stored  on  plantations  in  China  at  a  negative  cost.  The  latter  result  stems  from 
the  fact  that  Xu  includes  revenues  from  the  sale  of  forestry  products  in  the  cost 
calculations,  and  that  China  has  a  largely  unmet  demand  for  timber.  The  interpretation 
of  cost  figures  for  Ravindranath  and  Somashekhar  (1994)  is  unclear.   While  they 
apparently  use  a  flow  summation  approach  in  their  cost  calculations,  they  do  discuss  the 
application  of  discounting,  at  zero  and  1%,  to  the  carbon  flow,  which  would  suggest  a 
levelized  cost  method.  Their  costs  range  from  $0.09  to  $2.78  per  tonne. 


932  Potential  Quantities  of  Carbon 

The  studies  show  a  wide  range  of  estimates  of  potential  for  carbon  sequestration  (Table 
9.36).  At  one  extreme,  Sedjo  and  Solomon  (1988)  have  estimated  that  if  465  million 
hectares  of  land  can  be  secured,  2.9  Gt  of  carbon  per  year  can  be  removed  from  the 
atmosphere  in  forest  plantations.  This  is  nearly  one-half  of  current  annual  global  levels 
of  carbon  emissions.  At  the  other  extreme,  Nordhaus  (1991[a  or  b?])  suggests  that  an 
average  of  only  0.28  GtC  per  year  can  be  captured  over  a  period  of  75  years,  even  in 
the  presence  of  a  global  effort.  The  difference  between  these  two  estimates  is  almost 
entirely  due  to  the  estimates  of  carbon  yields,  since  their  assumptions  on  land  availability 
are  very  similar.  At  the  same  time,  Dixon  et  al.  (1994)  estimate  that  globally  1.1-2.2  GtC 
can  be  captured  annually  using  expanded  agroforestry  practices  alone. 
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Opportunities  in  the  most  northern  latitudes  appear  somewhat  limited.  Dixon, 
Schroeder,  and  Winjum  (1991)  suggest  that  summing  across  all  practices,  only  2  GtC  can 
be  accumulated  in  the  boreal  regions.  Averaged  over  their  50-year  period,  this  yields 
0.04  GtC  per  year.   However,  Van  Kooten  et  al.  (1992)  suggest  that  forestry 
opportunities  in  Western  Canada  alone  may  provide  as  much  as  0.13  Gt  of  carbon 
capture  per  year. 

In  the  temperate  regions  there  appear  to  be  significant  opportunities.  Richards  et 
al.  (1993)  suggest  that  in  the  United  States  alone,  an  aggressive  tree  planting  programme 
could  yield  an  average  of  0.4  GtC  per  year  for  100  years  and  a  cumulative  total  of  49 
GtC  if  the  plantations  are  undisturbed  for  160  years.  Dixon,  Schroeder,  and  Winjum 
(1991)  are  not  as  optimistic.  That  study  suggests  that  across  all  forestry  practices  a  total 
of  20  GtC  could  be  accumulated  in  the  entire  temperate  zone.  Over  their  50-year 
analysis  period  this  averages  to  0.4  GtC  per  year.  Because  the  estimate  of  land  area 
availability  in  Dixon,  Schroeder,  and  Winjum  (1991)  is  much  higher  than  in  Richards  et 
al.  (1993),  the  difference  in  the  estimates  must  be  due  to  the  fact  that  the  latter  study 
uses  much  higher  estimates  of  potential  carbon  accumulation  per  hectare. 

The  outlook  in  the  tropics  is  even  better  than  that  in  the  temperate  region. 
Dixon,  Schroeder,  and  Winjum  (1991)  suggest  that  a  cumulative  total  of  53  GtC  could  be 
captured  across  all  forestry  practices.  Houghton  et  al.  (1993)  provide  an  even  more 
optimistic  estimate  of  the  potential  in  the  tropics,  167  GtC,  though  they  provide  no  cost 
figures. 

Two  other  studies  that  provide  estimates  of  carbon  sequestration  potential  without 
analyzing  costs  suggest  that  Australia  and  New  Zealand  could  capture  carbon  at  a  rate  of 
0.007  Gt  per  year  and  0.005  Gt  per  year  respectively  for  25  to  30  years  (Barson  and 
Gifford,  1990;  Tasman  Institute,  1994).   For  Mexico,  India,  and  China  it  is  estimated  that 
approximately  3.5  GtC,  8.7  GtC,  and9.8  GtC  respectively  could  be  accumulated  (Masera 
et  al.,  1994;  Ravindranath  and  Somashekhar,  1994;  Xu,  1994). 


933  Cost  Corves 

This  discussion  has  suggested  that  there  is  significant  variation  among  the  studies  with 
respect  to  their  estimates  of  the  unit  costs  and  potential  amounts  of  carbon 
sequestration.  The  studies  also  differ  in  how  they  present  the  results.  Several  of  the 
reports  (Sedjo  and  Solomon,  1989;  Nordhaus,  1991  [a  or  b?];  New  York  State,  1991; 
van  Kooten  et  al.,  1992)  have  presented  their  results  as  point  estimates,  that  is,  as 
estimates  of  the  costs  of  achieving  a  specified  amount  of  carbon  sequestration.'  Other 
studies  have  developed  cost  curves  that  illustrate  the  increasing  marginal  cost  of  carbon 
sequestration  as  a  fiinction  of  the  level  of  sequestration  (Adams  et  al.,  1993;  Moulton 
and  Richards,  1990;  Dixon,  Schroeder,  and  Winjum,  1991;  Parks  and  Hardie,  1995; 
Richards  et  al.,  1993).  The  cost  curves  provide  information  that  is  not  conveyed  in  either 
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point  estimates  or  in  the  ranges  of  unit  costs  listed  in  Table  9.35. 

Figures  935  and9.36  reproduce  two  of  the  cost  curves  for  purposes  of  illustration. 
Figure  9.37  [CONFIRM  -  NOT  IN  THE  LIST  OF  FIGURES  FOR  THIS  CHAPTER] 

shows  a  cost  curve  for  carbon  sequestration  in  the  United  States.  The  dependent 
variable  is  the  marginal  cost  of  carbon  capture  expressed  in  nominal  dollars,  that  is,  the 
dollars  in  the  year  in  which  the  capture  takes  place.  To  arrive  at  this  figure,  the  present 
costs  are  levelized  (inflated)  at  the  discoimt  rate.  Note  that  the  marginal  costs  increase 
steadily  as  carbon  accumulation  rises  to  45  GtC,  and  then  rise  very  rapidly  in  the  range 
of  45-49  GtC.  The  independent  variable  is  tonnes  of  accumulated  and  permanently 
stored  carbon  in  a  160-year  period. 

Figure  936  presents  a  similar  graph  for  global  carbon  sequestration.  Costs  rise 
only  slightly  from  0  to  70  GtC,  but  rise  extremely  sharply  thereafter.  The  units  in  this 
second  graph  are  different,  however.  As  with  Figure  9.35,  the  dependent  variable  is  also 
expressed  in  dollars  per  tonne  of  carbon,  but  here  the  definition  of  a  tonne  of  carbon  is 
based  on  the  MCS  method,  which  expresses  a  stock  of  carbon  averaged  over  several 
rotations  rather  than  the  total  accimiulation  of  carbon.  The  similarity  in  presentations  of 
these  types  of  results  belies  the  significant  underlying  differences. 


9.4  Studies  of  the  Costs  of  Reducing  Nonenergy  Greenhouse  Gas  Emissions 

While  much  of  the  work  on  greenhouse  gas  emission  reduction  has  focused  on  energy- 
related  emissions,  a  growing  Uterature  is  emerging  on  nonenergy  emissions.  Table  9.37 
summarizes  some  of  the  major  options  and  their  reduction  potential. 

9.4.1  Costs  of  Reducing  Methane  Emissions 

Methane  is  emitted  from  a  diverse  set  of  human-related  activities  which  currently 
represent  about  70%  of  global  emissions  annually  (U.S.  EPA,  1994).  Importantly, 
methane  emissions  from  these  systems  represent  the  waste  of  a  valuable  fuel,  and  the 
methane  can  often  be  recovered  where  the  saved  fuel  justifies  the  investment.  Recent 
reports  suggest  that  substantial  reductions  in  methane  emissions  can  be  achieved 
profitably  or  at  low  cost  while  providing  a  number  of  other  benefits  (RIVM,  1993;  U.S. 
EPA,  1993a;  U.S.  EPA,  1993b)'°.  These  studies  indicate  that  it  may  be  possible  to 
profitably  employ  existing  technologies  and  practices  and  reduce  methane  emissions  from 
landfills,  oil  and  natural  gas  systems,  coal  mining,  and  ruminant  livestock  by  about  18  to 
37  Tg  per  year  over  the  next  5  to  10  years.  These  reductions  represent  about  5-10%  of 
current  anthropogenic  emissions.  Emission  reductions  of  about  36  to  97  Tg  per  year  (10- 
30%  of  current  anthropogenic  emissions)  may  be  possible  in  the  longer  term.  This 
section  summarizes  the  results  of  these  reports  for  each  major  methane  source. 

9.4.1.1  Natural  Gas  and  Oil  Systems 
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Cost  studies  of  available  technologies  and  practices  for  reducing  methane  emissions  from 
natural  gas  systems  indicate  that  reductions  in  emissions  in  the  order  of  20-80%  are 
possible  at  particular  sites  for  particular  types  of  emissions,  depending  on  site-specific 
conditions  (U.S.  EPA,  1993a).  The  major  opportunities  for  profitably  achieving  such 
reductions  are  in  countries  or  regions  where  (1)  gas  prices  are  at  world  levels  and 
reasonably  small  incremental  investments  can  modify  current  operations  and  practices 
and  save  sufficient  gas;  (2)  there  are  old  or  stressed  systems  handling  large  quantities  of 
gas;  and  (3)  work  is  underway  to  reduce  emissions  of  volatile  organic  compounds  or  air 
toxics.  For  example,  recent  analyses  in  the  United  States  show  that,  through  incremental 
investments  in  a  small  set  of  best  management  practices,  emissions  can  be  profitably 
reduced  over  the  next  decade  by  about  30%  or  1  Tg  (U.S.  EPA,  1993c).  Globally  it  may 
be  possible  to  reduce  emissions  by  4-16  Tg  per  year  over  the  next  decade  through 
profitable  ventures  (U.S.  EPA,  1993b)  . 

9.4.1.2  Coal  Mining 

Using  available  techniques,  methane  emissions  into  the  atmosphere  can  be  profitably 
reduced  by  up  to  50-70%  at  gassy  mines,  depending  upon  site-specific  conditions  (U.S. 
EPA,  1993a).  The  best  opportunities  for  profitably  achieving  such  reductions  are  for 
mines  that  are  classified  as  "gassy,"  that  produce  substantial  quantities  of  coal,  and  that 
are  close  to  demand  points  for  a  medium  quality  fuel.  However,  with  appropriate 
technical  expertise,  high  quality  gas  can  be  produced  and  sold  to  pipeline  systems. 
Recent  analyses  in  the  United  States  show  that  emissions  from  coal  mining  can  be 
profitably  reduced  over  the  next  decade  by  about  35%  or  1.5  Tg  with  intensified  efforts 
at  about  25  mines  (U.S.  EPA,  1993c).  Globally  it  may  be  possible  to  reduce  emissions  by 
4-7  Tg  per  year  over  the  next  decade  by  profitable  expansion  of  methane  recovery 
techniques  (U.S.  EPA,  1993b).  Reductions  of  1.5-2.5  Tg  per  year  could  be  achieved  just 
by  using  the  medium  quality  gas  that  is  currently  recovered  in  major  coal  regions  around 
the  world  but  vented  to  the  atmosphere  (U.S.  EPA,  1993b). 

9.4.1.3  Waste  Disposal 

Methane  emissions  from  landfill  sites  can  be  profitably  reduced  by  up  to  90%  and 
provide  additional  benefits  in  the  form  of  improved  air  and  water  quality  and  reduced 
risk  of  fire  and  explosion  (U.S.  EPA,  1993a).  Landfills  that  provide  the  best  opportunities 
for  profitably  using  captured  landfill  gas  fall  into  two  categories:  (1)  those  that  are 
currently  receiving  wastes,  that  are  expected  to  have  more  than  0.5  to  1  million  tonnes  of 
waste  in  place,  and  that  have  a  clearly  identifiable  energy  user  or  buyer  nearby,  and  (2) 
those  likely  to  be  subject  to  air  pollutant  emission  rules.  Recent  analyses  in  the  United 
States  show  that  methane  emissions  from  landfills  may  be  reduced  by  as  much  as  7  Tg 
per  year  as  a  byproduct  of  new  air  emission  regulations.  Some  of  these  landfills  will  be 
able  to  comply  through  revenue-generating  recovery  projects.  Globally  it  may  be  possible 
to  reduce  emissions  by  9-14  Tg  per  year  over  the  next  decade  through  methane  recovery 
projects  (U.S.  EPA,  1993b). 
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9.4.1.4  Ruminant  Animals 


Analyses  show  that  available  technologies  and  management  practices  can  reduce 
methane  emissions  per  unit  of  product  by  5-60%  in  many  animal  management  systems 
(U.S.  EPA,  1993a).  The  greatest  near-term  potential  for  the  profitable  use  of  better 
management  practices  is  in  countries  or  regions  where  animals  have  not  experienced 
large  changes  in  productivity  in  the  preceding  decades,  the  animals  are  currently  eating 
poor  quality  forage,  product  markets  and  physical  infrastructure  exist,  and  traditions  and 
customs  will  support  the  changing  practices.  In  particular,  dairy  herds  in  many  developing 
countries  offer  great  potential  because  the  current  diets  are  nutrient  deficient,  there  is 
daily  access  to  animals  so  that  feed  supplementation  and  other  management  practices  are 
possible,  and  the  increased  production  of  milk  is  quickly  seen  and  marketable.  Globally, 
emission  reductions  of  4-10  Tg  per  year  may  be  achieved  over  the  next  decade  by 
promoting  available  practices  in  these  regions  (U.S.  EPA,  1993b). 

9.4.1.5  Animal  Manures 

Available  technologies  can  profitably  reduce  methane  emissions  by  as  much  as  80%  at 
particular  sites  (U.S.  EPA,  1993a).  The  best  opportunities  for  profitably  using  recovered 
biogas  from  animal  manures  are  in  fairly  warm  regions  with  farms  with  large  numbers  of 
animals.  For  example,  in  the  United  States  only  farms  in  the  southern  states  that  have 
over  500  head  of  dairy  cattle  and  over  1500  head  of  swine  and  that  lagoon  their  animal 
manures  and  purchase  fairly  expensive  electricity  are  expected  to  recover  methane 
profitably.  However,  these  farms  represent  about  30%  of  total  U.S.  emissions  and  could 
profitably  reduce  these  by  about  1  Tg  per  year. 

9A2  Costs  of  Reducing  Emissions  of  Other  Greenhouse  Gases 

Nitrous  oxide  and  halogenated  substances  are  the  other  greenhouse  gases  that  make 
sizable  contributions  to  the  increasing  radiative  forcing  in  the  earth's  atmosphere.  While 
there  remains  much  uncertainty  about  the  magnitude  of  emissions  of  these  gases  from 
different  sources,  a  number  of  activities  are  underway  around  the  world  to  further  assess 
and  implement  technologies  and  practices  for  reducing  these  emissions.  This  section 
briefly  describes  these  activities.  In  general,  the  technologies  and  practices  already  in  use 
are  economically  viable  or  were  pursued  for  reasons  other  than  the  reduction  of 
greenhouse  gas  emissions. 

9.4.11  Nitrous  Oxide 

Nitrous  oxide  is  emitted  from  a  variety  of  industrial  and  agricultural  activities.  These 
human-related  activities  represent  about  20%  of  global  emissions  annually  (IPCC,  1992). 
Technologies  and  practices  for  reducing  nitrous  oxide  emissions  from  some  of  the  key 
sources  have  been  identified  and  are  at  different  stages  of  use  and  development  as 
discussed  below  (RIVM,  1993). 
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9.4.Z1.1  Adipic  and  Nitric  Acid  Production 

Nitrous  oxide  is  produced  as  a  waste  gas  during  the  production  of  adipic  acid,  which  is 
used  primarily  in  the  manufacture  of  nylon.  The  production  of  nitric  acid  -  mostly  for 
fertilizer  production,  with  a  small  percentage  used  as  an  input  into  adipic  acid  production 
-  also  produces  nitrous  oxide.  These  sources  are  estimated  to  emit  about  0.4  to  0.6  TgN 
and  0.1  to  03  TgN  as  NjO  per  year,  respectively  (IPCC,  1992).  Over  80%  of  these 
emissions  are  from  .the  industrialized  countries.  Importantly,  emissions  of  nitrous  oxide 
from  adipic  acid  production  already  reflect  a  30%  emission  abatement  from  the  use  of 
reductive  furnaces  to  reduce  emissions  of  NOx  (RIVM,  1993).  Reductive  furnaces  reduce 
emissions  by  about  98%.  A  number  of  additional  options  for  reducing  these  emissions 
with  similar  reduction  efficiencies  are  under  study  by  the  adipic  acid  producers,  some  of 
whom  expect  to  have  these  technologies  in  place  by  1996.  Emissions  of  nitrous  oxide 
from  nitric  acid  production  are  not  currently  abated,  and  technologies  for  reducing  these 
emissions  do  not  appear  to  be  under  discussion. 

9.4.2.1.2  Fertilizer  Use 

Nitrous  oxide  is  emitted  from  cultivated  soils  due  to  the  application  of  nitrogen-based 
fertilizers,  primarily  from  dinitrification  processes  (RIVM,  1993). [SINCE  ALL  SOILS 
EMIT  N20,  COULD  WE  SAY  INSTEAD  "Cultivated  soils  are  the  principal 
anthropogenic  source  of  nitrous  oxide  emissions.  Nitrogen-based  fertilizers  contribute  a 
large  proportion  of  these  emissions,  primarily  through  dinitrification  [denitriflcation?] 
processes-  (RTVM,  1993).]    Emissions  are  estimated  to  be  0.3  to  3.0  TgN  per  year, 
[IPCC'S  1994  SCIENCE  UPDATE  SAYS  1.8-5.3  TgN/YR  FOR  PAST  DECADE.  IS 
THIS  A  PROBLEM?]  with  about  80%  of  these  emissions  from  the  developing  countries 
and  countries  with  economies  in  transition.  Approaches  for  reducing  nitrous  oxide 
emissions  from  cultivated  soils  concentrate  on  the  more  efficient  use  of  fertilizers,  since 
these  approaches  can  result  in  sizable  cost  savings.  More  efficient  fertilizer  use  can  be 
achieved  through  testing  soils  for  nutrient  deficiencies,  applying  fertilizers  to  meet 
specific  plant  needs,  and  using  application  methods  that  reduce  the  loss  of  nitrogen. 
While  these  alternatives  need  substantial  development  and  demonstration  before 
becotning  widely  available,  the  potential  for  reductions  in  fertilizer  use  and  greenhouse 
gas  emissions  is  substantial.  For  example,  the  United  States  expects  to  reduce  fertilizer 
use  by  10-30%  by  2000  by  demonstrating  such  alternatives  and  educating  farmers  through 
agricultural  extension  networks  about  the  cost  savings  associated  with  more  strategic  and 
efficient  fertilizer  use  (White  House,  1993). 

9.4.11.3  Other  Sources 

Nitrous  oxide  is  also  produced  from  a  variety  of  other  sources,  including  biomass  burning 
and  mobile  and  stationary  combustion.  Technologies  and  practices  for  controlling 
emissions  from  these  sources  are  in  the  research  phase. 
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9.4.2.2  HaJogenated  Substances 


Halogenated  substances  are  emitted  by  a  variety  of  manufacturing  processes  and 
numerous  types  of  equipment  and  appliances.  The  halogenated  substances  of  greatest 
interest  to  Uie  IPCC  are  perfluorocarbons  (PFCs)  and  hydrofluorocarbons  (HFCs),  which 
are  emitted  in  the  largest  quantities  [IN  THE  FUTURE,  BUT  IS  THAT  TRUE  NOW? 
PRESENT  PFC  EMISSIONS  ARE  RELATIVELY  SMALL  COMPARED  TO  OTHER 
HALOCARBONS,  ARE  THEY  NOT?]  and  are  highly  potent  and  long-lived  greenhouse 
gases.  They  are  not  ozone  depleters  and,  therefore,  are  not  covered  by  the  Montreal 
Protocol.  Activities  are  underway  to  determine  low-cost,  if  not  profitable,  ways  to  reduce 
emissions  of  these  gases. 

9.4.2.11  Perfluorocarbons  (PFCs) 

The  production  of  aluminum  is  thought  to  be  the  largest  source  of  emissions  of  two 
PFCs,  CF4  and  CjFg.  These  emissions  are  produced  primarily  by  anode  events,  which 
occur  during  the  reduction  of  alumina  in  the  primary  smelting  process.  World  emissions 
are  highly  uncertain  and  are  estimated  to  be  in  the  order  of  30,000  tonnes  per  year  and 
3,000  tonnes  per  year  for  CF4  and  CjF^,  respectively  (U.S.  EPA,  1993).  Approaches  for 
reducing  emissions  focus  on  technological  upgrades  for  highly  inefficient  smelters  and 
practices  for  reducing  the  frequency  and  duration  of  anode  events  at  more  modem 
smelters.  These  practices  include  improved  algorithms  for  controlling  automated 
processes,  better  management  of  alumina  additions,  and  improved  training  for  personnel. 
Because  aluminum  smelters  are  large  consum.ers  of  energy,  the  costs  of  these 
modifications  can  be  largely  offset  by  the  costs  of  saved  energy.  The  United  States 
estimates  that  it  can  reduce  PFC  emissions  from  aluminum  smelting  by  30-60%  by  2000 
by  promoting  profitable  changes  in  current  practices  (White  House,  1993). 

9.4.2.2.2  Hydrofluorocarbons  (HFCs) 

HFCs  occur  as  byproducts  of  manufacturing,  are  intentionally  produced  as  CFC  and 
HCFC  substitutes,  and  are  used  in  a  variety  of  applications.  Emissions  are  difficult  to 
estimate  on  an  annual  basis  because,  even  though  almost  100%  of  manufactured  HFCs 
will  be  emitted  to  the  atmosphere  eventually,  emission  rates  can  vary  from  low  but  long 
term  (as  in  the  case  of  insulating  materials)  to  instantaneous  (as  in  the  case  of  aerosol 
propellants).  Currently,  emissions  of  these  gases  are  relatively  small,  but  emissions  can 
be  expected  to  grow  substantially  over  the  next  decades  as  HFCs  are  increasingly  used  as 
substitutes  for  CFCs  and  HCFCs.  The  United  States,  for  example,  expects  more  than  a 
doubling  in  these  emissions  between  1990  and  2000.  A  number  of  options  for  reducing 
emissions  of  these  gases  are  being  investigated.  Options  include  process  changes, 
substitution  of  other  substances,  recycling,  and  destruction.  The  United  States  expects  to 
reduce  emissions  of  HFCs  by  about  25%  by  2000  by  encouraging  product  stewardship,  by 
implementing  regulations  under  the  Clean  Air  Act,  and  by  reducing  HFC  emissions  as  a 
byproduct  of  HCFC-22  production. 
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9.4.Z13  Other  Halogenaied  Substances 


Other  halogenated  substances  include  sulphur  hexafluoride  and  fluoroiodocarbons. 
Sulphur  hexafluoride  is  produced  for  use  as  insulation  for  electrical  equipment,  to  degas 
molten  reactive  metals,  and  as  a  tracer  gas.  Fluoroiodocarbons  may  be  produced  for 
intentional  use  as  halon  alternatives  or  refirigerants.  These  substances  are  emitted  in 
relatively  small  quantities  worldwide.  Technologies  or  practices  for  reducing  or  limiting 
emissions  of  these  gases  do  not  appear  to  be  under  discussion. 
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Notes 

^  See  for  example,  Nordbaus  and  Yohe  (1983),  Edmonds  and  Reilly  (198S),  and  Manne  and  Richels  (1994). 

''  In  fact,  with  the  exception  of  the  Quest  model  in  the  European  Community,  no  model  was  able  to  assess 
satisfactorily  the  effects  on  trade  balances  or  on  delocation  of  big  consuming  industries  because  of  the  lack  of 
a  model  of  international  trade. 

^'  The  Pareto  efficiency  of  abatement  strategies  based  on  a  uniform  carbon  tax  or  tradable  emission  quotas 
(regardless  of  the  quota  allocation)  has  recently  been  contested  at  a  theoretical  level  by  Chichilnisky  and 
Heal  (1994).  Their  paper  has  triggered  various  responses;  however,  the  ongoing  debate  on  this  bsue  is  not 
pursued  ftirther  here. 

■  There  may  be  second  order  general  equilibrium  effects  on  global  abatement  costs  from  changes  in  regional 
demand  patterns,  terms  of  trade,  and  investment  paths,  due  to  region-specific  income  and  price  elasticities  of 
demand  and  to  investment  propensities. 

*■  These  extreme  quota  allocation  rules,  neither  of  which  b  likely  to  be  an  acceptable  basis  for  a  global 
abatement  coalition,  were  chosen  for  purely  illustrative  purposes. 

*•  Towards  the  end  of  the  110  year  simulation  period,  as  panel  A  in  Figure  9.30  shows,  even  allocating  all 
emission  rights  to  developing  countries  is  insufficient  to  compensate  them  for  income  losses  from  a  global 
emission  stabilisation  agreement.  As  a  result,  it  is  necessary  to  allocate  "negative  emission  rights"  to  some 
developed  regions  under  this  allocation  rule. 

■  Recall  from  Section  9.2.1.1.6  that  a  positive  discount  rate  also  favours  deferring  reductions. 
*■  See  for  example  the  "Jdrdmie"  and  "Nod"  scenarios  by  B.  Dessus  (1991). 

Nordhaus  (1991)  presented  a  range  for  the  cost  estimates  associated  with  a  target  level. 

■  RIVM  1993  is  a  report  of  the  proceedings  of  an  international  IPCC  workshop  on  methane  and  nitrous 
oxide  held  in  Amersfoort,  the  Netherlands,  February  3-5,  1993;  U.S.  EPA  1993a  is  a  Report  to  Congress 
developed  by  the  United  States  Environmental  Protection  Agency  (U.S.  EPA)  building  upon  efforts  of  the 
U.S./Japan  Working  Group  on  Methane  for  the  Response  Strategies  Working  Group  of  the  IPCC,  which 
solicited  methane-related  information  from  all  IPCC  country  representatives.  U.S.  EPA  1993b  is  a  follow-on 
to  the  fu-st  U.S.  EPA  report,  which  examines  the  applicability  of  available  technologies  and  practices  in 
specific  countries.  These  reports  are  based  on  numerous  supporting  studies,  some  of  which  are  listed  at  the 
end  of  this  section. 
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Table  9.1.1.1.1    Models  used  in  Energy  Modeling  Forum  (EMF)  Study 


Model/ 
Modelers 

Model  type 

Time  horizon 

Regions 

CETA 

(Peck  and  Teisburg) 

Aggregate  economic 
equilibrium 

2100 

1  global 

CRTM 
(Rutherford) 

Disaggregated  econonuc 
equilibrium 

2100 

5  global 

DCEM 

(Jorgenson  and  Wilcoxen) 

Disaggregated  economic 
equilibrium 

2050 

US 

ERM 

(Edmonds  and  ReiUy) 

Energy-sector  equilibrium 

2095 

9  global 

FossU  2 

(Belanger  and  Naill) 

Energy-sector  equilibrium 

2030 

US 

Gemini 

(Cohan  and  Scheraga) 

Energy-sector  equilibrium 

2030 

US 

Global  2100 
(Manne  and  Richels) 

Aggregate  economic 
equilibrium 

2100 

5  global 

Global  Macro-Economy 

(Pepper) 

Energy-sector  equilibrium 

2100 

9  global 

Coulder 

Disaggregated  economic 
equilibrium 

2030 

US 

GREEN 

(Martin  and  Bumiaux) 

Disaggregated  economic 
equilibrium 

205C 

8  global 

lEA 

(Vouyoukas  ana 
Kouvaritakis) 

Energy-sector  equilibrium 

2005 

10  global 

MARKAL 

(Morris) 

Energy-sector 
optimization 

2025 

US 

MWC 

(Mintzer) 

Energy-sector  equilibrium 

2095 

9  global 

T-GAS 

(K.iufmann) 

Energy  demand 
simulation 

2010 

U  global 
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Table  9.1.1.1.2.1    Description  of  EMF  Scenarios 


Scenario 

Description 

1)  Reference 

No  controls 

2)  Stabilization 

Stabilize  C02  enussions  at  their  1990  levels  by 
2000 

3)  20%  reduction 

Stabilize  C02  enussions  at  their  1990  levels  by 
2000,  reduce  by  20%  below  1990  levels  by  2010 

4)  50%  reduction 

Stabilize  C02  emissions  at  their  1990  levels  by 
20ai,  reduce  by  20%  below  1990  levels  by  2010, 
reduce  by  50%  below  their  1990  levels  by  2050 
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Table  9.1.1.1.3.1    Comparison  of  Carbon  Taxes  and  GDP  Losses  in  2010 


Model 

Carbon  tax 

($pertonofO 

GDP  loss 
(%ofGDP) 

stabilizaHon 

20%  reduction 

stabilization 

20%  reduction 

CRTM 

150 

260 

.2 

1.0 

DGEM 

20 

50 

.6 

1.7 

ERM 

70 

160 

.4 

1.1 

Fossil  2 

80 

250 

.2 

1.4 

Gemini 

120 

330 

Global  2100 

110 

240 

.7 

15 

Global  Macro 

20 

130 

Goulder 

20 

50 

.3 

1.2 

Green 

80 

170 

.2 

.9 

MWC 

70 

180 

.5 

1.1 

Source:  EMF  (1993). 
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Table  9.1.1.1.7.1    GNP  Loss,  1990-2010 

(Percentage  of  discounted  constant  price  GNP) 


DRI 

LINK 

T/w 

Goulder 

Lump  Sum  Tax  Cuts 

-0.58% 

-0.46% 

-0.62% 

-0.24% 

Revenue  Raising 

-0.40% 

-1.02% 

-0.24% 

Personal  Income  Tax  Cuts 

-0.56% 

-0.53% 

-0.16% 

-0.16% 

Corporate  Income  Tax  Cuts 

0.40% 

-0.11% 

0.60% 

-0.17% 

Payroll  Tax  Cuts 

-0.18% 

(Employee  Only) 

-0.58% 

-0.53% 

(Employer  Only) 

0.19% 

-0.25% 

Investment  Tax  Credit 

1.55% 

1.67% 

0.00% 

Source:  Shackleton  et  al.  (1993). 
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Table  9.1.1    U.S.  CO2  Abalement  Cost  Modelling  Studies 

(Source:  Crubb  ct  ol ,  1993) 


Auttior  (year) 

Key' 

CO2  reduction 
from  baseline 

GNP  impact/cost 
(reduction)  from  baseline 

Barns  etal  (1992) 

BG  (2020) 

26%,  45%,  60% 

0.6%,  2.0%,  3.2% 

Barns  et  al  (1992) 

BC  (2050) 

45%,  70%,  84% 

1.9%,  4.9%,  7.5% 

Barns  et  al  (1992) 

BG  (2095) 

67%,  88%,  96% 

43%,  8%,  10.9% 

DRI  (1992) 

B  (2020) 

37% 

1.8% 

CBO-PCAEO,  DRI  (1990) 

CBl,  CB2,  (2000) 

8%,  16% 

1.9%,  2% 

CBO-DGEM  (1990) 

CB3  (2000) 

36% 

0.6% 

CBO-IEA-ORAU  (1990) 

CBG  (2100) 

11%,  36%,  50%,  75% 

1.1%,  2.2%,  0.9%,  3.0%'' 

Edmonds  &  Bams  (1991) 

EB  (2020),  EB  (2100; 

35%,  59% 

1.3%,  2.3% 

Goulder  (1991) 

G  (20.50) 

13%,  18%,  27% 

1.0%,  2.2%,  4.5% 

Jackson  0991) 

J  (2005) 

34%,  40%,  46% 

•0.2%, -0.1%,  0.1% 

Jorgenson  &  Wilcoxen  (1990a) 

JW  (2060) 

20%,  36% 

0.5%,  1.1% 

Jorgenson  &  Wilcoxen  (1990a) 

JW  (2100) 

10%,  20%,  30% 

0.2%,  0.5%,  1.1% 

Jorgenson  &.  Wilcoxen  (1990b) 

JW  (2020) 

8%,  14%,  32% 

0.3%,  0.5%,  1.6% 

Manne  &  Richels  (1990a) 

MR  (2020) 

45% 

2.2% 

Manne  &  Richels  (1990a) 

MR  (2100) 

50%,  77%,  88% 

0.8%,  2.5%,  4.0%"^ 

Manne  (1992) 

MRG  (2020) 

26%,  45%,  60% 

0.8%,  2.2%,  4.2% 

Manne  (1992) 

MRG  (2050) 

45%,  70%,  84% 

1.4%,  2.7%,  3.3% 

Manne  (1992) 

MRG  (2100) 

67%,  88%,  96% 

2.3%,  3.1%,  3.4% 

MUls  etal  (1991) 

M  (2010) 

21% 

-1.2%'' 

NAS(19<J1) 

N 

24%,  40% 

0%,  0.8% 

Oliveira-Martins,  Nicoletti  et  cil 
(1992) 

OMG  (2020) 

26%, -5%,  60% 

0.2%,  1.1%,  2.4% 

Oliveira-Martins,  Nicoletti  et  a] 
(1992) 

OMG  (2050) 

45%,  75%,  84% 

0,4%,  1.3%,  2.4% 

OTA  (1991) 

0  (2015) 

23%,  53%,  53% 

-0.2%^  -0.2%*,  1.8% 

Ruttierfoid  (1992) 

RG  (2020) 

26%,  45%,  60% 

0.5%,  1.3%,  2.5% 

Rutherford  (1992) 

RG  (2050) 

84%,  45%,  70% 

2.4%,  1.2%,  2.5% 

!^ulherford  (1992) 

RG  (2100) 

67%,  88%,  96% 

1.8%,  2.6%,  2.8% 

Shackleton  et  al  (1993) 

SJW(2010), 
SLINK  (2010) 

22%,  2% 

-0.6%,  0.1% 

Shackleton  etal  (1993) 

SDR  I  (2010), 
SG  (2010) 

5%,  28% 

-0.4%,  0.2% 

U.S.  Energy  Choices  (1991) 

USEC  (2030) 

67.5% 

-0.6% 

*  If  the  model  used  is  a  global  model,  the  Key  includes  the  letter  "C  before  the  dale. 

^  Tlic  first  two  results  use  multilateral  taxes,  others  use  unilateral  taxes,  taxes  are  flat  only  in  the  first  and  third  estimates,  rising  in 

other  estimates. 
'  V.ilucs  represent  different  assumptions  in  technological  developments,  an  optimistic,  an  intermediate,  and  a  pessimistic  view 
''  Arising  from  11  specified  regulatory  changes;  estimated  from  claimed  savings  of  $85  billion  per  year 
.  '  Tin;  benefit  shown  in  the  OTA  cost  estimates  is  only  an  indicative  value,  no  explicit  modelling  value  h.is  been  cilculated. 
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Table  9. 1. 1.2.2.1:  Bottom-Up  Studies  of  U.S.  Emissions  Mitigation  Costs 
Major  Assumptions  (annual  growth  rates,  %) 


Study 

Base  Year 

Forecast 
Year 

GDP 

Disc. 
Rate 

Energy  Prices 

Oil 

Coal 

Gas 

Electricity 

Aliance  to  Save 
Energy  etal,  1991 

1988 

2000 
2010 
2030 

2.4 
2.4 
1.8 

3 
3 
3 

6.5 
6 
4.3 

0.9 
1.4 
1.8 

7.8 
10 
7.1 

National  Academy 
ot  Sciences.  1991 

1990 

n/s 

6 

Office  ot  Technology 
Assessment,  1991 

1987 

2015 

23 

US  EPA,  1990 

1988 

2005 
2010 

2.5 
2.5 

7 
7 

SEI/Greenpeace.  1993 

1988 

2030 

2.1 

8 

Carlsmilh  et  al,  1990 

1988 

2010 

25 

7 

5 

1 

5 

0.2 

Chandler  &  Kolar,  1990 

1985 

2030 

2.5 

7 

2.5 

1 

2.5 

1 

Chandler  &  Nicholls, 
1990 

1989 

2000 
2000 

27 

100 

141 

29 

Chandler,  1990 

1989 

2010 

25 

7 

4.8 

0.8 

0.2 

Lovins&  Lovins,  1991 

1988 

n/s 

5 

trills  etal.  1991 

1988 

2000 

25 

6 

Nordhaus.  1990 

n/s 

n/s 

Rubin  etal,  1992 

1989 

n/s 

6 
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Table  9. 1. 1.2.2.2:  Results,   U.S.  Emissions  Mitigation  Studies 


Study 

Forecast  Year 

COj  Reduction,  % 
(from  Base  Yeo-) 

Cost  of  Reduction 

%  of  GNP 

Avg  Cost,  ifTC 

Alliance  to  Save 

2000 
2010 
2030 

26 
53 
82 

-0.4 
-0.5 
-0.6 

Energy  etal,  199t 

National  Academy 
o(  Sciences.  1991 

n/s 

24 
40 

0 
0.8 

0 
9 

Office  ol  Technology 
Assessment.  1991 

2015 

23 
53 

-0.2 
■0.2/1.8 

US  EPA,  1990 

2005 
2010 

3 
0 

0 

0 

SEI/Greenpeace.  1993 

2030 

74" 

0 

0 

Carlsmilh  et  al.  1990 

2010 

0 
20 

0 
0.5 

0 

Chandler  &  Kolar.  1990 

2005 

0 
20 

0 
0.5 

0 

Chandler  &  Nicholls.  1990 

2000 

7 
20 

82" 

Chandler,  1990 

2010 

0 
20 

C 
92 

Lovins  &  Lovins.  1991 

n/s 

58- 

0 

0 

K/lillselal.  1991 

2000 

21 

-1.2 

-231 

Nordhaus.  1990 

n/s 

6 

13 

Rubin  etal.  1992 

n/s 

35 

0 

0-<0 

RIGES 

2025 

61 

<0 

<0 

FFEF 

2030 

75 

<0 

<0 
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Table  9.1.1.113  Zero  average  net  cost  reduction  poterUial  in  U.S.  bottom-up  studies 
(estimated  reduction  potential  below  base  year  (%)  achieved  with  zero  net  average  reduction 
costs) 


Study 

Coun 
try 

2000 

2005/ 
10 

2015/ 
20 

2025/ 
30 

ASE  1991 

USA 

>26 

>53 

>82 

Carlsmith  et  al.  1990 

USA 

0 

Chandler  and  Nichols 
1990 

USA 

0 

Chandler  and  Kolar  1990 

USA 

>0 

Lovins  1991 

USA 

58 

Mills  et  al.  1991 

USA 

21 

NAS  1991 

USA 

>24 

OTA  1991 

USA 

>23 

Rubin  et  al.  1992 

USA 

35 

RIGES  [DATE?] 

USA 

>61 

HHF  [FFES?  DATE?] 

USA 

>75 

SEI/Greenpeace  1993 

USA 

74 

Range 

0-21 

0-26 

>23- 
58 

>61- 

82 

Median 

11 

>13 

>41 

>72 

Note:  A  'greater  than  sign"  indicates  that  the  study  did  not  include  options  up  to  the  intersection  point  of  the 
x-ans.  This  means  that  larger  reductions  could  be  achieved  for  negative  or  zero  average  reduction  cost. 

[SINCE  ALL  STUDIES  ARE  U.S.,  WE  PROBABLY  DON'T  NEED  THE  COUNTRY 
COLUMN  IN  THIS  TABLE.] 


23-558    96-31 
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Table  9.1.2.1.3.1    Effects  of  different  types  of  tax  revenues  recycling  at  the  Community  level: 
GDP  losses  on  the  last  year  (Energy  tax  of  10|/bl) 


HERMES^ 
4  countries 


QUEST*  DRl3  HERMES-UNK'* 

EUR  U  i'J9S)       EUR  11  (2005)       6  countries  (2001) 


Without  recycling  (revenue 

raising) 
GDP  losses  on  ihe  last  year  -1.6% 

Employment  -0.9% 

Payroll  tax  cuts  (employer  only) 
GDP  losses  on  the  last  year  -0.2% 

Employment  +0.3% 

Personal  income  tax  cut 
GDP  losses  on  tJir:  last  year  -0.3% 

Employment  0% 

VAT  cut  with  mixed  pjlicy 


-1.2% 
-0.4% 


-0.7% 
-03% 


-1.1% 
0% 


40.1S% 

+0.64% 


-0.36%^ 


'  Rkleof  chu){eftfterK\eayc«iby  lcfeRiMelotheb«ieliae(ZA(tmiettl.,  1991). 

^  Rue  of  chuige  ftfler  uvea  yeui  (DG  D-CEC.  1992,  p.  52)  (\n  Engliib). 

^  Tut  revenue  it  ih&red  brtweeo  rcduoioo  la  penotuul  inane  ux  00%).  employer**  tocial  lecurity  (30%),  (c^ctioa  in  corporue  tixtt  (10%) 

ind  inoenrivei  foreoei(/  coaiefv&rion  (30%)  (DRI  report  of  1993). 
*  Bureau  du  PUn  -Ensme  'Uq  red^loiement  fiical  ui  tervice  de  >'eaaplor  CRipport  i  U  DGXI-CEC)  1993. 
^  CalcuUdoa  from  results  oo  Ibe  avenfe^l  reductioo  of  (he  nte  of  powih. 
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Table  9.1.2.1.3.2    Differences  of  the  macro-effects  of  the 

energy  tax  between  EC  countries  in  2001  or  2005 

(difference  in  %  with  the  baseline) 


FRG 


UK 


IT 


NL 


EUR6 


GDP 

Henn6s(l) 
DRI(2) 

0.22 
-0.26 

0.06 
-0.13 

-0.72 
-0.52 

0.72 
-0.39 

-0.16 
J).39 

0J7 
-0.65 

0.15 

Pl'iVZtt 

consumption 

Henn6s(l) 
DRI(2) 

0.27 
-0.78 

0.03 
-0.39 

-0.57 
-0.78 

0.75 
-1.04 

0J4 
-1.18 

0.23 
-0.78 

0.15 

Employment 

Hcrm6s(l) 
DRI(2) 

0.79 
-0.39 

0.44 
-0.13 

036 
-0.39 

0.79 
-0.39 

0.30 
-0.26 

0.88 
-0.39 

0.64 

Inflation 

Hennds 
DRI 

0.45 
1.96 

0.80 
1.30 

2.12 
2.22 

0.86 
2.10 

0.80 
2.10 

0.20 
2.00 

0.95 

(1)  Recyding  by  rwJuctioo  of  locial  di3C(u  in  HERMES  Model  (1993).  Vie  ntennce  year  ii  2001. 

(2)  Mixed  policy  ten  in  DRI  Model  (19.^3) :  30%  of  the  recycling  in  redoctian  of  employen'iociil  di*|]|e<,  30%  in  reduction  of 
penontl  direct  tu,  10%  in  reduction  of  corporate  taxei,  30%  in  inctntivet  to  energy  contervitiaa.  The  reference  ye«r  is  200S. 
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Table  9.1.2.1.4.1   Comparison  of  the  emissions  reduction  between 
energy  tax  and  carbon  tax 


Geographical  field 


Horizon 


Carbon  tax 


Energy  tax 


Global  2100 
(Tax :  lOS/bl) 


Europe 


2030 


-50% 


•46.5% 


Hennes-Mid2£ 
CTw :  J'»/bl) 


Melodic 
(Tax:200$/t) 

Midas 
(10$/bl) 


France 
Geimany 
UK 
Italy 

Fiance 


Geimany 
UK 


2005 

-10.83% 

-9.27% 

2005 

-12.95% 

-7.12% 

2005 

-6.55% 

-4.40% 

2005 

-12.74% 

-3.10% 

2010 


2005 
2005 


-15.7% 


-11.63% 
-3.98% 


•116% 


-7.52% 
-129% 
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Table  9.1.2.2.3.1  Marginal  reduction  costs  for  emissions  reductions  in  the  year  of 
2010  compared  with  1988  level  assessed  in  the  COHERENCE  study  (ECU/t  of  COi^ 


COi  reduction  in  %      Stabilisation          5%             10%           15%          20%  30% 

290                 '-  ~ 

11  32 
43 

18               43  138 


Belgium 

15 

15 

39 

Denmark 

0 

0 

6 

France 

0 

0 

19 

Germany 

0 

0 

15 

Greece 

23 

56 

224 

Italy 

22 

112 

413 

Netherlands 

27 

136 

- 

Spain 

18 

143 

1556 

United  Kingdom 

0 

0 

12 

35  63 
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Table  9. 1.2.2.3. 1. 1  Zero  average  net  cost  reduction  potential  in  non-OECD  bottom-up 
studies  (estimated  reduction  potential  below  base  year  (Wo)  achieved  with  zero  net 
average  reduction  cost) 


Study 

Country 

2005/10 

2015/20 

2025/30 

IPSEP  1993 
FRGEnquete  1992 
Mills  etal.  1991 
COHERENCE  1991 
UNEP  1993 

Range 
Median 

EC-5 
FRG 

Sweden 
UK 

Denmark 

30 
>35 

10 
>21 

10-35 
>17 

>26-58 

>26-58 
>42 

>60 

>45 

>45-60 
>53 

Note:  A  "greater  than  sign"  indicates  that  the  study  did  not  include  options  up  to  the  intersection  point  of  (he  x- 
axis.  This  means  that  larger  reductions  CvAilii  be  achieved  for  negative  or  zero  average  reductions  cost. 
The  Mills  et.  al.  study  uses  the  same  inp'U  assumptions  as  the  Bodlund  and  Johansson  study  1989 
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Table  9. 1.2.2.3.2  Main  categories  ofCOi  reduction  options  and  related  marginal 
costs  for  Denmark  (reductions  in  relation  to  baseline  in  2030) 


CO2  reduction  option 

Reduction  % 

Marginal  cost 
US$/t  CO2 

Connection  to  natural  gas  network 

0.5 

-255.7 

Connection  to  district  heating  network 

2.0 

-100.0 

Electricity  conservation  in  households 

4.8 

-70.0 

Increased  use  of  combined  heat  and  power 

1.5 

-62.9 

Electricity  conservation  in  services 

2.8 

-55.7 

Conservation  in  industry 

1.6 

-40.0 

Conservation  in  agriculture 

0.4 

-38.6 

Combined  cycle  -  natural  gas  (1000  MW) 

3.8 

-8.6 

Biogasificalion  (1500  MW) 

7.6 

-4.3 

Wind  turbines  (1800  MW) 

7.0 

0.0 

Central  natural  gas  comb.  (4000  MW) 

9.4 

12.9 

Solar  collectors  for  hot  water 

0.3 

30.0 

Insulation  in  office  buildings 

0.7 

81.4 

Photovoltaics  (800  MW) 

2.9 

185.7 

Fuel  cells  (1000  MW) 

1.0 

614.3 

Total  CO2  reductions 

48.9 
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Table  9. 1. 2.2.3.  J  Main  categories  of  emission  reduction  options  in  the  UNEP  study 
for  the  Netherlands 


Sector  CO;  reduction  option 

Industry:  Fuel  cell  combined  heat  &  power 

More  efficient  industrial  process 

Gas  fired  and  electric  heat  pumps 

Solar  heat,  biomass  and  hydrogen  Tired  equipment 

Transpon:  More  efficient  engines,  brake  energy  recuperation 

Biofuel.  hydrogen,  electric.  LPG.  CNC  and  methanol  engines 

Households  and  services: 

Condensing  gas  boiler 

Gas  fired  and  electric  heat  pumps 

Improved  building  insulation 

More  efficient  electric  and  lighting  appliances 

Solar  boilers,  biomass  and  hydrogen  fired  equipment 

District  heating 

Greenhouse  insulation 

Electricity  and  heai  production:         Gas  combined  cycle  and  advanced  coal  combined  cycle  plants 

Fuel  cell  industrial  cogeneration  and  district  heat 
Electricity  storage,  hydrogen  fuel  cells 
CO.  removal  at  gas  fired  and  coal  fired  plants 
Wind  turbines,  biomass  power  plants,  solar  photovoltaic 

Other  supply  process:  Methanol  production  from  natural  gas  and  coal 

Hydrogen  production  from  natural  gas  and  impons  from  Sahara 

Liquid  and  :  jlid  biofuel  production  (from  sugar  beet,  wheat,  straw 

wood) 

Combined  methanol  and  electricity  production 

Transport  of  COj  to  depleted  natural  gas  fields  and  to  aquifers 

Note:  The  nature  of  the  energy  system  optimisation  model  used  in  the  Netherlands  study  does  not  allow 
percentage  reductions  and  costs  to  be  assigned  to  individual  options.  The  options  here  are  part  of  an  integrated 
package  of  technologies  which  leads  to  a  reduction  in  CO,  emissions  of  50%  from  baseline  in  2030.  at  a  total  cost 
of  USS3.8  billion. 
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Table  9. 1.3. 2. 1. 1  Cost  of  Carbon  Dioxide  Emission  Reductions 


Coantry 


Stndy 


Forteatt 
Ytar 


C02  Raduetiaa 
from  Baaalina  (%) 


Coat  of  rodaetion 
(%  of  GNP) 


Formor  Soviat 

Bumiaui|l992l 

Bur-2020 

45 

0.9 

Uaion 

Burnjaux  (19921 

Bur-2050 

70 

2.3 

Bumiaux  (19921 

Bur-2100 

88 

3.7 

Kenoaav(1993) 

Kan-200S 

50 

0.3 

Makarevatal(1991) 

Mak-2005 
Mak-202a 

23 
44 

0.5 
1 

Makarav  at  al  (19911 

Manna  (1992) 

Man-2020 

45 

3.1 

Manna  (19921 

Man-2050 

70 

6.4 

Manna  (19321 

Man-2100 

88 

5.6 

Olivera  Martins  at  al  (19921 

OM-2020 

45 

1.7 

Oliver!  Manins  (111(1992) 

OM-2020 

70 

3.7 

Rutherford  (19921 

Rut-2020 

45 

1.5 

Rutherford  (19921 

Rut-2050 

70 

5.8 

Rutherford  (1992) 

Rut-2100 

88 

4.1 

Hungary 

JaizaY(1990) 

Jaa-200S 

17 

-0.1 

Poland 

Leach  &Nowak  (1991) 

L&N-2005 

37 

■0.1 

Leach  &IVowak  (1991) 

L&N-2005 

53 

0.1 

Sitnickietal(1991) 

Sit-2005 

44 

0 

Sitnickiatal(1991) 

Sit-2030 

62 

0.3 

Radwansici  et  al(1993) 

Rad-2010 

27 

0 

Radwansl(ietal(1993) 

Rad'2030 

39 

0 

Czechoslovakia 

Kostalovaatal(1991) 

Koa-2005 

20 

0 

Ko3talovaatal(1991) 

Kos2030 

29 

0 

NOTE:  Bold  face  denotes  a  bottom-up  study. 
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Table  9. 1.4.2. 1 

Energy  &  Environmental  Division,  LBL,  1991. 

COt  emissions  rrom  developing  countries.  India.  Indonesia.  China.  Argeniina.  Brazil.  Mexico.  Venezuela. 

High  and  low  emission  scenarios  I98S-202S.  Country  speciHc  reductions  between  13%  and  S4%  reduction  in  2025. 

Energy  system  model.  STAIRS. 

Asian  Development  Bank,  1993. 

National  Response  Strategy  for  Global  Climaie  Change:  People's  Republic  of  China. 

Business  as  usual  with  high  and  low  economic  growth  aixj  policy  sccnano  I99O-2OS0.  CO-,  reduction  of  23%  from  baseline  in 
2050. 

Energy  system  model  combined  with  macroeconomic  assessment 

UNEP  Collaborating  Centre  on  Energy  and  Environment,  1994. 

UNEP  Greenhouse  Gas  Abatement  Costing  Studies.  Brazil.  India.  Egypt,  Senegal.  Thailand,  Venezuela  and  2Umbabwe. 

Reference  and  abatement  scenario.  Emission  reduction  targets  for  2005/10  and  2020/30  covering  1 2.5%  to  50%  reductions 
from  baseline 

Consiniciion  of  abatement  cost  curves  using  energy  system  models 

Davidson,  Ogunladc,  1993 

Carbon  Abatement  Potential  in  Western  Africa.  Ghana,  Sierre  Leone  and  Nigena 

High  and  low  emission  scenanos  1985-2025.  Reductions  from  baseline  in  2025:  Ghana  38%.  Sierre  Leone  25%.  Nigena  24%. 

Energy  iv^iem  model.  STAIRS. 

La  Rovere,  E..  Lcgey,  L.  F.  L.  Miguez,  J.  D.  C.,  1994 

Alternaiive  Energy  Strategies  for  Abatement  of  Carbon  Emissions  in  Brazil. 

Three  alternaiive  economic  growth  scenarios,  abatement  scenario  using  high  economic  growth  scenario  as  baseline  Reductions 
in  2010  8%  and  50%,  reductions  in  2025  5%  and  50%  from  baseline. 

Input-output  mtxlel  used  to  forecast  energy  requirements,  scenarios  taking  Japan.  Spain  and  Colombia  as  focal  points.  Energy 
system  analysis 

Asian  Energy  Institute,  1992. 

Collaborative  Study  on  Strategies  to  limit  CO2  emissions  in  Asia  and  Brazil.  Brazil.  China.  India.  The  Islamic  Republic  of  Iran. 
South  Koiea  and  Thailand. 

Emission  reduction  scenarios  for  1988/90  to  2000/2015. 

Calculation  of  investment  cost  for  individual  abatement  technologies. 

Greenpeace,  1993. 

Towards  a  Fossil  Fiee  Eiiergy  Future  Global  study  including  regional  assessment  for  Africa.  Centrally  Planned  Asia.  Latin 
America  and  South  and  East  Asia 

Reduciion  scenano  I988-2I0O  Global  reductions  from  1988  level   50%  in  2030.  100%  in  2100 

Energy  system  model  and  macroeconomic  assessment  of  the  impact  of  carbon  laies  on  final  energy  pnces 
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Table  9. 1.4.2. 1. 1  Growth  rates  of  population,  GDP,  primary  energy  consumption  and 
CO7  emissions  in  reference  and  abatement  scenarios  for  1990  to  2020/30. 


COUNTRY 

POPULATION 

GDP 

PRIMARY 

ENERGY 

CO2 
EMISSIONS 

Reference 

Abate  mem 

Reference 

Abatement 

ARGENTINA  (1) 

LI 

2.0 

1.8 

1.1 

1.8 

1.1 

BRAZIL 

1.4 

4.7 

3.5 

3.7 

5.3 

3.2 

BRAZILd) 

1.2 

3.2 

2.5 

1.0 

2.8 

0.8 

CHINA  (6) 

0.8 

6.0 

3.1 

2.7 

2.6 

2.1 

EGYPT 

1.7 

5.0 

3.2 

1.4 

3.8 

1.4 

GHANA  (5) 

2.9 

4.0 

3.6 

3.0 

5.4 

5.0 

INDIA 

1.8 

6.3 

4.2 

3.8 

3.8 

2.9 

INDIA(I) 

2.0 

5.0 

4.6 

4.3 

4.6 

4.3 

INDONESIA  (1) 

1.2 

3.0 

3.6 

3.2 

4.0 

3.5 

SOUTH  KOREA  (4) 

0.4 

5.0 

3.1 

2.8 

MEXICO  (1) 

1.7 

4.4 

2.7 

2.1 

2.8 

1.9 

NIGERIA  (5) 

3.0 

4.0 

2.6 

1.9 

4.6 

3.8 

SENEGAL 

3.0 

3.2 

3.2 

2.4 

3.5 

2.6 

SIERRA  LEONE  (5) 

2.3 

3.0 

2.2 

1.7 

3.5 

3.0 

THAILAND 

0.9 

4.8 

4.8 

4.2 

5.5 

4.6 

THAILAND  (4) 

2.0 

8.0 

7.8 

7.8 

VENEZUELA 

2.1 

3.8 

2.5 

1.9 

3.1 

2.1 

VENEZUELA  (1) 

1.7 

4.0 

3.4 

3.2 

2.5 

1.9 

ZIMBABWE 

2.4 

4.2 

2.8 

1.9 

3.2 

1.5 

LATIN  AMERICA  (2) 

1.5 

3.3 

2.7 

3.2 

LATIN  AMERICA  (3) 

1.3 

3.2 

0.9 

-0.6 

SOUTHEAST  ASL\  (2) 

1.4 

4.6 

3.9 

5.1 

SOUTHEAST  ASIA  (3) 

1.6 

4.1 

1.5 

-0.2 

(1)  Energy  &  Environmental  Division.  LBL;  CO2  Emissions  from  Developing  Countries:  Better  Undersunding  the 
Role  of  Energy  in  the  Long  Term;  July  1991. 

(2)  IPCC  ,  1992;  Climate  Change  1992:  The  Suplementary  Report  to  the  IPCC  Scientific  Assessment 

(3)  Stockholm  Environment  Institute  -  Boston  CentreTowards  a  Fossil  Free  Energy  Future;  April  1993. 

(4)  Asian  Energy  Institute;  Collaborative  Study  on  Strategies  to  Limit  CO2  Emissions  in  Asia  and  Brazil;  1992. 

(5)  Davidson  Olungade;  Carbon  Abatement  Potential  in  Western  Africa  ;  in  P.  Hayes,  K.  Smith,  eds.,The  Global 
Greenhouse  Regime:  Who  Pays?;  1993. 

(6)  Asian  Development  Bank;  National  Response  Strategy  for  Global  Climate  Change: 
People's  Republic  of  China;  Nov.  1993. 


Unnumbered  studies  were  part  of  the  UNEP  GHC  Abatement  Costing  project. 
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Table  9. 1.4.2. 1.2  Key  elasticities  in  reference  and  abatement  scenarios  for  1990  to 
2020/30. 


Country 

REFERENCE 

ABATEMENT 

Energy/GDP 

C/Energy 

OGDP 

Energy/GDP 

C/Energy 

C/GDP 

ARGENTINA  (!) 

0.9 

1.0 

0.9 

0.6 

1.0 

0.5 

BRAZIL 

0.8 

1.5 

l.l 

0.8 

0.9 

0.7 

BRAZIL(l) 

0.8 

1.1 

0.9 

0.3 

0.8 

0.3 

CHINA  (6) 

0.5 

0.8 

0.4 

0.5 

0.8 

0.4 

EGYPT 

0.6 

1.2 

0.8 

0.3 

1.0 

0.3 

GHANA  (5) 

0.9 

1.5 

1.4 

0.8 

1.7 

1.3 

INDIA 

0.7 

0.9 

0.6 

0.6 

0.8 

0.5 

INDIA  (1) 

0.9 

1.0 

0.9 

0.9 

1.0 

0.9 

INDONESIA  (I) 

1.2 

1.1 

1.3 

1.1 

1.1 

1.2 

SOUTH  KOREA  (4) 

0.6 

0.9 

0.6 

MEXICO  (I) 

0.6 

1.0 

0.6 

0.5 

0.9 

0.4 

NIGERIA  (5) 

0.7 

1.7 

1.1 

0.5 

2.0 

1.0 

SENEGAL 

1.0 

1.1 

1.1 

0.8 

1.1 

0.8 

SIERRA  LEONE  (5) 

0.7 

1.6 

1.2 

0.6 

1.8 

1.0 

THAILAND 

1.0 

1.2 

I.I 

0.9 

1.1 

1.0 

THAILAND  (4) 

1.0 

1.0 

1.0 

VENEZUELA 

0.7 

1.3 

0.8 

0.5 

1.1 

0.6 

VENEZUELA  (1) 

0.9 

0.7 

0.6 

0.8 

0.6 

0.5 

ZIMBABWE 

0.7 

1.2 

0.8 

0.4 

0.8 

0.4 

LATIN  AMERICA  (2) 

08 

1.2 

1.0 

LATIN  AMERICA  (3) 

0.3 

-0.7 

-0.2 

SOUTHEAST      ASIA 

0.8 

1.3 

1.1 

(2) 

SOUTHEAST      ASIA 

0.4 

-0.1 

0.0 

(3) 

(1)  Energy  &  Environmental  Division,  LBL;  CO2  Emissions  from  Developing  Countries:  Better  Understanding 
the  Role  of  Energy  in  the  Long  Term;  July  1991. 

(2)  IPCC  .  1992;  Climate  Change  1992:  The  Supplementary  Report  to  the  IPCC  Scientific  Assessment. 

(3)  Stockholm  Environment  Institute  -  Boston  CentreTowards  a  Fossil  Free  Energy  Future;  April  1993. 

(4)  Asian  Energy  Institute;  Collaborative  Study  on  Strategies  to  Limit  CO2  Emissions  in  Asia  and  Brazil;  1992. 

(5)  Davidson  Olungade;  Carbon  Abatement  Potential  in  Western  Africa  ;  in  P.  Hayes,  K.  Smith,  eds.The  Global 
Greenhouse  Regime:  Who  Pays?;  1993. 


(6)  Asian  Development  Bank:  National  Response  Strategy  for  Global  Climate  Change: 
People's  Republic  of  China;  Nov.  1993. 
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Table  9.4.2.2.1  Marginal  (MAC).  Average  (AAC)  and  Total  Abatement  Costs  (TAC) 
for  maximum  reductions,  comparison  with  GDP. 

(a)  Shon  term 


year      baseline 

Reduction 

Reduction 

mac' 

TAC 

AAC 

GDP 

tadgdp 

emission 

country 

(mill  COj) 

(mil.t  CO2) 

% 

(Vt  CO2) 

($mil.) 

($/t  CO2) 

($bn.) 

% 

Brazil 

■2010        767.8 

101.3 

13.2 

25 

-1881 

-18.6 

848 

-0.22 

Thailand 

2010        359.8 

99.3 

27.6 

171 

1027 

10.3 

250 

0.41 

Zimbabwe 

2010         32.7 

6.9 

21.1 

289 

221 

32.0 

35 

0.64 

{b)  Long  term 


year      baseline 

Reduction 

Reduction 

mac' 

TAC 

AAC 

GDP 

TAC/GDP 

emission 

country 

(mil.t  CO2) 

(mil.  tC02) 

% 

(VtCOj) 

(Smil.) 

(J/t  CO2) 

($bn.) 

% 

Brazil 

2025        1611.2 

741.2 

46.0 

29 

9339 

12.6 

1740 

0.54 

Egypt 

2020        253.0 

141.7 

56.0 

2 

-732 

-5.2 

118 

-0.62 

Senegal 

2020          15.4 

7.7 

50.0 

3 

-16 

-2.0 

14 

-0.12 

Thailand 

2030        751.4 

221.7 

29.5 

171 

2089 

9.4 

538 

0.39 

Venezuela 

2025         189.4 

50.4 

26.6 

56 

685 

13.6 

177 

0.39 

Zimbabwe 

2030         57.4 

22.2 

38.7 

289 

205 

9.3 

72 

0.28 

'  The  Marginal  Abatement  Cost  (MAC)  here  corresponds  to  the  level  at  the  maximum  reduction 

achieved  for  the  country. 

^  The  Average  Abatement  Cost  for  France  is  set  equal  to  the  rale  of  carbon  tax  necessary  to  achieve  the 

reductions. 
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Table  9. 1.4.2.4. 1  Technical  emission  reduction  options  in  the  UNEP  study 


Country 

COj  reduction  option 

reduction  ( % ) 

Brazil 

Elcctnciiy  savings  (industry,  services  and  residential) 
Solar  uses  in  agriculture 

7 
1 

Fuelwood  and  charcoal  for  afforestation  programmes 

21 

Ethanol,  bagasse  and  electricity  generation  from  bagasse 

19 

Total  COj  reduction 

48 

Egypt 

Fuel  switchning  in  households 

6 

EfHcient  industrial  equipment  and  maintenance 

10 

Transportation 

2 

Heat  recovery  and  new  industrial  processes 

9 

New  raw  materials 

5 

Efficient  household  appliances 

5 

Electriciy  generation 

8 

Efficient  stoves 

7 

Total  CO}  reduction 

52 

Senegal 

Early  hydropower  implementation 

0.1 

Agriculture  intensincaiion 

5 

Energy  conservation  in  undustry 

0.4 

Dissemination  of  improved  stoves 

11 

Improved  carbonisation  efriciency 

13 

LPG-charcoal  substitution 

15 

Biomass  from  afforestation 

6 

Total  C02  reduction 

50 

Thailand 

Efficient  airconditioners 
Electronic  ballast 

2 

1 

Compact  fluorescent  lamps  (service  sector) 

6 

Compact  flourescent  lamps  (residential  sector) 

2 

Nuclear  electricity 

18 

Highly  efficient  gasoline  cars 

1 

Total  CO2  reduction 

30 

Venezuela 

Reduced  flaring  and  leakage  of  methane 

7 

Efficient  boilers  and  kilns 

10 

Freight  transport 

1 

Efficient  electric  motors  in  the  industrial  sector 

2 

Passenger  transport 

4 

Electric  sector 

0.6 

Other  energy  savings  in  the  indusu-ial  sector 

2 

Efficient  electric  appliances 

0:4 

Total  COj  reduction 

27 

Zimbabwe 


Efficient  boilers 

Energy  savings  in  the  industrial  sector 

Efficient  motors  and  power  factor  correction 

Increased  hydropower 

Efficient  furnaces 

Central  photovoltaic  power 

Coal  for  ammonia 

Total  CO2  reduction 


23 

4 

2 

5 

2 

1 

1 
38 


MAC  (US$) 

-66 
22 
24 
29 


-21 
-12 
-12 
-8 
-3 
-3 
-1 
2 


-210 
-28 

-4 

0 

1 

2 

3 


-36 
-27 
-14 
-9 
20 
92 


-9 

-2 

-2 

5 

66 

153 

289 
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Table  9.26  Results  of  the  IPCC  91  and  U.S.  EPA  reference  scenarios  and  the  FFES  and 
U.S.  EPA  policy  scenarios^ 


IPCC  91 

COjO-gC) 

5.9 

73 

9.4 

12.8 

22.6 

Frinuiy  Energy  (EJ) 

349 

460 

571 

797 

1641 

Renewablet  % 

SoUr/Wiod  % 

Biom<»% 

EPA  Reference 

COjCPgQ 

5.1 

6.6 

7.7 

9.9 

17.7 

Prinuiy  Eoeigy  (EI) 

302 

384 

451 

585 

1067 

Renewabkf  % 

7 

8 

10 

13 

19 

Solar/Wind  % 

0 

0 

1 

2 

7 

Biomiss  % 

0 

0 

1 

3 

5 

FFES 

COjCPgC) 

53 

5.7 

5.6 

2.6 

0.0 

Primaiy  Energy  (EI) 

338 

396 

400 

384 

987 

Reoewibles  % 

13 

21 

29 

62 

100 

Solar/Wind  % 

0 

5 

9 

31 

79 

BiooMSS  % 

7 

10 

13 

24 

18 

EPA  *Rapid  Reductions' 

C02(PgQ 

5.1 

ss 

AS 

IS 

15 

Prinuiy  EnetQT  (EI) 

302 

334 

408 

545 

799 

Renewablet  % 

7 

10 

38 

68 

77 

Solar/Wind  % 

0 

1 

2 

4 

9 

Bioniaa% 

0 

0 

26 

54 

58 

tFor  the  EPA  and  IPCC  studies,  the  1988,  2010,  and  2030  values  were  interpolated  from  the  1985.  2000,  and 
20S0  results.  Results  shown  for  IPCC  for  1988  are  actually  1990  values. 

Source:  Stockholm  Environment  Institute,  1993. 
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Tabic  9.2.1: 

Land  Area  Availability 

Area  A' 

'lilable  for  Practice  (tu 

IX  10^ 

ForcM 

Foreat 

Study 

Reition 

PItnation 

Manaiemeni 

Axroforcttry 

Swijo  ind  Solomon  (IMI)" 

Global 

465 

Oraintcr  (I98t) 

Tropica 

821 

137 



Adimi  e(  •!.  (1990)*' 

United  Suica 

114 





Btnon  and  OirTord  (I990)~ 

Auitralia 

1.6 

— 



Moullon  «nd  Richirdi  (1990) 

United  Sutca 

112 

31 



Nordhaui  (1991) 

Global 

JIO 

— 



DixoB,  Schrocder  tod  Winjum  (1991) 

Boreal 

Not  tpccified" 

Not 

apcciried" 

Not  tpecirted" 

. 

Tr.mpcrate 

Not  tpeciGed" 

Not 

apccified" 

Not  tpeeiCcd" 

Tropical 

Not  •pecified" 

Not 

•pcciried" 

Not  apcclficd'' 

DUoa.  Wli«uin  tod  Knnkioa  (1991) 

Latin  America 

214 

— 

372 

Afric* 

222 

— 

30S 

Alia 

115 



159 

North  Ameriei 

42 



7 

New  York  Suu  (1991) 

N..W  York  Suie 

0.4 

0.2 



van  Kooten  et  tl.  (1992) 

Canada 

8.6 

19.7 



Houghioo  CI  tl.  (1993) 

Latin  America 

44 

634 

737 

Africa 

178 

26 

SS8 

AiU 

29 

393 

270 

Pirki  and  Hardie  (1993) 

United  Sutea 

10.4'* 

— 



Richards  el  al.  (1993) 

Uniud  Sutci 

102 

— 

— 

Dixon  d  al.  (1994) 

South  America 
Africa 

z 

— 

65-380 
300-440 

South  AiU 

— 

— 

130-225 

North  America 

— 

— 

90-140 

Tatman  tnstiuile  (1994) 

New  Zetland 

5 

— 

— 

Maura  el  aV  (1994) 

Mexico 

18.2-19.6 

18.7 



Rtvindrantih  aod  Somaihckhar  (1994) 

IndU 

41.3 

36.9 

96 

Xu- 

China 

110  J 

19.2 

70J 

(a)  The  citimate  by  Scdjo  artd  Solomon  (1988)  was  baied  on  a  carbon  budjet  i^  of '^.9  x  10*  tonnei  per  year.  U  i*  not 
bated  on  an  aueumenl  of  land  actually  available,  but  rather  land  needed  to  mccl  the  (oal. 

(b)  The  land  area  wai  conilrained  by  the  carbon  budget  goal,  DM  by  avtilibility. 

(c)  Land  area  availability  wa<  not  ipecified  by  practice.  Therefore,  cotu  and  yic..i  c.iuld  not  be  matched  with  <:nd  areat 
available.  The  laikd  area  for  dryland  ecoregioni  wai  ipnt  between  temperate  nJ  ttopical  calcgotiei. 

(d)  The  land  tret  wa>  conitraiived  by  budget,  not  by  availability. 

(e)  CoRununity  woodloU,  timber  forenry  and  loftwood  forenry  are  included  in  Ihe  forett  planution  category;  natural 
regeneration  and  enhanced  natural  regeneration  are  included  in  Ihe  forett  management  category. 

(()    The  planting  areat  and  aandy  watte  irea  are  iiKluded  in  the  forett  plinution  catr;ory;  open  foKM  it  included  in  the 
(ore*  management  ctlcfory;  dry  cropland  it  included  in  the  agroforettry  category. 
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Table  9.2.2:   Land  Costs 


Study 

Region 

Forest  Planaiion 
400USS/ha 

Forest  Management 

Agroforeslry 

Sedjo  and  Solomon  (1988) 

Global 

Moullon  and  Richards 
(1990) 

United  Slates 

360-8400  US$/ha 

120-1440  USi/ha 

— 

Nordhaut  (1991) 

Global 

20  200  USS/ha 

— 

._. 

Dixon,  Schroeder  and 
Winjum  (1991) 

Boreal 

Temperate 
Tropical 

0 

0 
0 

0 

0 
0 

0 

0 
0 

Dixon,  Winjum  and 
Krankina  (1991) 

Latin  America 

Africa 

Asia 

North  America 

0 

0 
0 
0 

— 

0 

0 
0 
0 

New  York  State  (1991) 

New  York 
State 

0-1200  USi/ha 

0 

— 

Van  Kooten  et  aL  (1992) 

Cmada 

0 

0 

— 

Adams  el  al.  (1993 f" 

United  States 

Not  reported 
separately 

-- 

.... 

Richards  et  al.  (1993) 

United  States 

275-5135  USt/ha 

.... 

— 

Dixon  et  al.  (1994) 
Masera  et  al.  (1994) 

South  America 
Africa 
South  Asia 
North  America 
Mexico 

0 
0 
0 
0 
0 

0 

0 
0 
0 
0 

Ravindranath  and 
Somashekhar  (1994  f 

India 

leUSVha 

16  US$/ha 

0 

Xu  (1994/" 

China 

0 

0 

0 

Parks  and  Hardie  (1995)"' 

United  Slates 

40-650  USVha/yr 

• 

— 

(a)  The  opportunity  cost  of  land  was  derived  within  a  mathematical  programming  model  as  the  consumer  welfare 
loss  associated  with  the  withdrawal  of  agricultural  land  from  production. 

(b)  These  figures  are  referred  to  as  land  rent  but  are  included  in  the  total  investment  costs,  which  appear  to  be 
initial  costs  only.   It  is  not  clear  whether  these  figures  represent  a  one  time  cost  or  an  annual  rent. 

(c)  It  is  not  clear  whether  land  costs  are  included  in  investment  costs  (see  Table  9.2.3). 

(d)  The  land  costs  were  expressed  as  annual  rental  payments  to  landowners  within  a  subsidy  program. 
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Study 

Stdjo  and  Solomon  (1988) 
Moulton  and  Richard  (1990) 
Nordhaus  (1991) 
Dixon.  Schroeder  and  Winjum  (1991) 


Dixon,  Winjum  and  Knnkina  (1991) 


New  York  Stale  (1991) 
van  Kooten  el  at.  (1992) 
Adams  el  al.  (1993) 
Richards  el  al.  (1993) 
Dixon  et  aT.  (1994) 


Masera  el  al  (1994/" 

Ravindranath  and  Somashekhar  (1994) 

Xu  (1994) 

Parks  afy  Hardie  (1995  f 


Table  9.2.3: 

Treatment  Cost 

Treatment  Costs  (USS/ha) 

Region 

Forest 
Planalion 

Forest 

Agroforeslry 

Manaxemeni 

Global 

400 



United  Stales 

140-520 

„„ 

Global 

400-450 

— 

__ 

Boreal 

125-450 

50-250 

„_ 

Temperate 

25-800 

0-1600 

1000 

Tropical 

250-320 

50-500 

250-750 

Latin  America 

150-800 

10-85 

— 

Africa 

30-1400 

3-60 



Asia 

150-375 

15-30 

_.. 

North  America 

501200 

10-400 

.... 

New  York  Stale 

660 

288 

Canada 

300-500 

650-1000 

.... 

United  Stales 

140-520 

„.. 

United  SlaUs 

190-690 

.... 

.... 

Soulh  America 

._. 

.... 

500-3500 

Africa 

-. 

._. 

500-3500 

South  Asia 

._. 

._. 

500-3500 

North  America 

.... 

500-3500 

Mexico 

387-700 

NA 

India 

367^5Sa 

77-205 

39 

China 

46-828 

11-31 

14-240 

United  Stales 

350 





(a)  though  there  an  costs  associated  with  forest  management  in  Masera  el  al.  (1994)  it  is  not  clear  how  to  interpret  the 
figures. 

(b)  Parks  and  Hardie  categoriu  treatment  acconUng  to  hardwood  and  softwood  treatments.  The  figure  listed  here  is  for 
hardwood  treatment.  The  costs  for  softwood  are  cited  but  not  listed. 
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Ttble  9.2.4:    DUcount  Rue  Applied  Co  Financial  OuUayi 


Study 

Annual  Discount 

Rate 

Sedjo  »nd  Solomon  (1988) 

Not  specified 

MoulioD  uid  Richards  (1990) 

to% 

>loixlhiu(  (1991) 

8% 

Dixon,  Schroeder  and  Winjum 

(1991) 

5% 

Dixon.  Winjum  and  Knnkjna  (1991) 

Not  specified 

New  York  State  (1991) 

io% 

Van  Kooten  et  al.  (1992) 

10% 

Adamf  et  al.  (1993) 

10% 

Richards  et  al.  (1993) 

5% 

DUon  et  al.  (1994) 

Not  specified 

Masera  et  al.  (1994) 

10% 

Ravindranath  and  Somashekhar  (1994) 

12-17.25% 

Xu  (1994) 

Not  Specified 

Parks  and  Haidie  (1995) 

4% 
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Table  9.3    Summary  of  Economically  Viable  Options  for  Reducing 
Methane,  N20,  PFC,  and  HFC  Emissions 


Source 

Global 

Emissions 

(TK/yr)^ 

Available  Options 
for  Reducing 
Emissions 
Profitably 

Reductions 
Possible  at 
Site-Specific 
Projects^ 

Near-term  ProfiUble 
Reductions  Possible 
World-wide 
(TR/yr)3 

METHANE 

Natural  Gas  Systems 

30-65 

YES 

20-80% 

4-16 

Coal  Mining 

24-40 

YES 

30-90% 

4-7 

Waste  Disposal 

20-40 

YES 

up  to  90% 

9-14 

Ruminant  Livestock 

65-100 

YES 

5  to  60% 

4-10 

Animal  Manures 

10-18 

YES 

up  to  80% 

overl 

Wastewater 
Treatment 

30-40 

NA** 

~ 

~ 

Rice  Cultivation 

60-100 

under  developTr^nt 

- 

- 

Biomass  Fununf? 

29-68 

under  development 

- 

- 

NITROUS  OXTOE 

Adipic  Acid 
Production 

3  to  .6 

under  development 

up  to  90% 

not  examined 

Nitric  Add 
Production 

.ItoJJ 

not  exanuned 

- 

not  examined 

Fertilizer  Use 

3  to  3 

under  development 

up  to  30% 

not  examined 

PFCs 

Aluminum 
Production 

.03 

YES 

up  to  90% 

not  examined 

HFCs 

Intentional 
Manufacture 

NA 

not  examined 

- 

not  examined        1 

1  Manufacturing  By- 
1  product 

NA 

YES 

up  to  50% 

not  examined 

H  Applications 

NA 

not  exanuned 

~ 

not  exanuned       | 

1  USEPA  (1994)  for  m-thane  emissions;. see  text  for  other  greenhouse  gases 

2  USEPA  (1993a) 

3  USEPA  (1993b) 

^  Methane  emissions  from  wastewater  ireatment  are  largely  from  lesser  developed  countries  and 
large  capital  investments  may  be  necessary  to  construct  effective  wastewaster  management 
facilities  -  in  these  cases  the  captured  methane  is  not  expected  to  substantially  offset  the 
investments. 
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Figure  9.1 

U.S.  Studies:  jE^st  of  COjXbatement^lative  toXaseline  projection 
(Labels  are  not  attached  to  all  points  given  danger  of  crowding. 
For  key  see  Table  9.1H0 


8% 

« 

BGO095) 

80(2050) 

6% 

. 

80(2050) 

"f'O'                                        MG(2020)    B<D|20;5,                          ^^^,^, 

4% 

2% 

_     CBU2000,      ,•              j^„ojo,    •b«'«0)|rg(202O)                MRGi^'OO* 
«            (32(2000)    ^"°V'     EBr2020).              O*^^"'*'     RG(2100) 
TRrrjinm                   W(21001.       e^^""^'"  |OMG(2020)            RO(2I00)     , 
CBO(2100)         ,2,5,,  '    «100^       .                1                ^^^^^^^                  ^^^,^,5,, 

XW(20'0)        »OMG(2020)    Oy,,c        ,L  ,,^ 
SLISK)2010)  ;"""-;;'        1  SG(2010)*               »      *«<21<») 

0% 

,          •  •     JW(2060)  NASt  •                         OMG(2050) 

,      W(2100)             0  0(2015)                                        0 
•                            (                                                0(2015) 

SRD1(2010)               •SJW(2010) 

|0M(2OI0)                    1                                      1                                      1 

20% 


60% 


80% 


100% 


,  wni 


Reduction  of  CO2  ^missions  (from  baseline) 


Top-down;  economic  model  estimate 
Boaom-up,  tecbnology  based  estimate 


Source:  Grubbeial  (1993). 
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.^Figure  9.2 
§  U.S.  Clarbonjunissions 


1     CRTM 

6   Global-Macro 

2    DGEM 

7    Global  2100 

3    ERM 

8    Goulder 

4    Fossil  2 

9    Green 

S    Gemini 

Source:  EMF  (1993). 

10  EA 

11  Markal 

12  MWC 

13  TGAS 
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EMF  Reference  and^missioivJReductionjStenarios 

3 

_ 

2.5 

^^^^^ 

^^-^^^^^ 

1  tons  of 

In 

-^^-^-"^'^ 

Ilio 

■^^ 

1  reference                                                                                          ~~ 

2  subilization 

■*       ■■  4a« 

J       0.5 
^          0 

3  20%  reduction 

4  5091  reduction 

1                        1                       1                        1 

.>        0 

1 

'^:v<         1990             2000              2010             2020             2030             2040             2050 

Year 

23-558    96-32 
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Figure  9.4 

U.S.  Carbon  Taxes— -^erage  of  all  models 


1^400 
^350 


1  20  perceni  reduction 

2  50  percfitit  reduction 

3  stabilize  at  1990  levels 


2040  2050 


Source:  EMF  (1993) 
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Figure  9.5  ^ 

U.S.  GDPJLoss^ojections— /^erage  of  all  models 

(ts^ 

1  20  percent  reduction 

2  50  percent  reduction 
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Figure  9.6 

Decoupling  between  jC^rboU/Miissions  and 

GDP  AnnualXrowth^tes  (1990-2010) 
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Figure  9.7 

GDP^sses  in  the/^bilization 


^enario  (0ther  OECD  countries) 


Source.  OECD  (1993) 
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Figure  9^  y 

Carbon^^Xaxes  in  th^/^bilization 
^enario  (other  OECD  countries) 


Source:  OECD  (1993) 
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Figure  9.9 
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Figure  9.11 

Sensitivity  analysis  of  the  cost  of  carbon  reductions  in  the  IPSEP 

EC-5  study,  all  sectors 
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Figure  9.^y 

Marginal  costs  of  CO  emission 
reduction  for  a  iiuiiibti  of 
OECD  couiltrics 
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Figure  9.13 

Comparison  of^CJarbonJaxes  in  the/Stabilizatioij^Scenario 


— ^  Source  Manoe  and  Schratteaholur  (1993) 
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Figure  9.14  /^  /         y 

CostjSludies:  Amissions  Reduction  in  the^JPormer^oviet  Imion 
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Figure  9.15 

Cost^tudiesr/Ejnissionvi^eduction  in;C!entraI  Europe 
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Figure  9.1^ 
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Figure  9.20 

UNEP  studies:  marginal 

abatement  costs  for  2010 
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Figure  9.21 

UNEP  studies:  marginal 

abatement  costs  for  2020/30 
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Figure  9^  . 

Global^udies  of  C02/Xbatement^sts^lative  to 
^aselineProjection 
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Figure  9.23 

Estimated  CO2  Xbatemeiit^Cx)st 

in  2020 

{Stabilizjation  of  Emissions  Relative  to  1990  Levels) 
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^}i  Costs  oLMabilizinglB^obal^rbon^&nissions 


0.8 


Sourcf.  Mannt  ai 


5  6 

nj  riuuact 


y^t^^v^M-^^    Mji^C<yi^^ caX.    pQ^y^Vo 


L^TO   Ji  CbPi^/c  M  mg^  u^ocM  irnheLuit) 


1009 


Figure  9.25 

World  CO2  Emissions  and  GDP  Losses 
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Figure  9.2^ 

Regional  carbon  tax  required  for  equi-proportional  Q^^^T^ 

emission  reductions  from  baseline  ^ — -^ 
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Figure  9.1f~J-l 

Global  Cp^antssions  from  fossil  fuel  burning  for  the  LESSJBase 

Case  comp^ed  with  actual  emissions  and  the  IPCC IS92  scenario 


20,000 


16,000 


S.    12,000 


X^    8,000 
NO*  4,000 


^ 


^ 


I 


^  <-1985 


t 


025 


,,^050 
Year 


2075 


2100 


i\Ieik 


1012 


Figure  9.28 

Grandfathered  emissions  rights  principle 
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Figure  9.29 

Equal  per  capita  emissions  rights  principle 
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Figure  9.30 

No  net  cost  to  developing  nations  emissions  right  principle 
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Figure  9^  . 

GlobaLCarbop^jnissions 
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Figure  % 

Global  annual  CO2  emissions  from  fossil  fuel  burning  (left)  and  global 
annual  primary  energy  production  and  use  (right)  for  6  alternative  cases 
constructed  by  Edmonds  et  al.  (1994)  for  IPCC  WG  Ila 
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Figure  9  J3 

Marginal  initial  costs  of  sequestering  carbon  in  forest  systems 

employing  forestation  and  forest  management  practices 
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REVIEW  OF 
TECHNOLOGY  FORECASTS 


Energy  and  E&vironmenul  Analysu,  Inc.  (EEA),  under  contract  to  Oak  Ridge  National 
Laboratoiy,  bad  developed  a  forecast  of  technology  penetrations  in  automobiles  for 
model  year  199S  in  a  study  for  the  DOE  conducted  in  1989,  and  summarized  in  a  report 
to  DOE  entitled  "Domestic  Manufacturer's  Fuel  Economy  Capability  to  2000" 
(December,  1989).  The  tables  showing  the  aggregate  projection  for  all  three  domestic 
manufacturers  for  model  year  1995  are  attached,  and  these  tables  received  considerable 
attention  in  the  context  of  the  then  ongoing  debates  regarding  changes  to  the  CAFE 
regulations. 

EEA  had  forecast  that  domestic  manufacturers  would  attain  28.0  MPG  in  1995  in  the 
"product  plan"  case,  which  is  the  case  to  be  referenced  as  no  changes  to  CAFE 
regulations  occurred  in  the  Interviewing  years.  The  forecast  was  prepared  under  an 
assumed  fuel  price  for  1995  of  approximately  $1.40  per  gallon  in  1995  dollars,  while 
actual  prices  are  in  the  SI. IS  range.  According  to  the  DOT,  the  mid-year  estimate  of  the 
domestic  manufacturers  CAFE  is  27i  MPG,  which  is  0.5  MPG  lower  than  the  CAFE 
estimate  by  EEA  in  1989. 

A  detailed  review  of  the  technology  penetrations  estimated  for  1995  to  those  forecast  by 
EEA  revealed  that  EEA's  forecasts  were  generally  quite  dose  to  the  actual  1995 
penetrations.  Forecast  penetration  of  front  wheel  drive,  4-speed  automatic  transmissions, 
torque  converter  lock-up,  and  electronic  transmission  control  are  with  2  percent  of  the 
1995  actuals.  EEA  overestimated  the  penetration  of  overhead  cam  (OHC)  engines  and 
roller  cam  followers  by  about  10  percent.  However,  GM  has  improved  their  OHV 
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engines  to  such  an  extent  that  these  engines  are  essentially  equivalent  to  the  OHC 
engines.  E£A  underestiniated  the  penetration  of  multipoint  fuel  injection  by  over  30 
percent,  as  throttle-body  systems  have  been  phased  out  by  multipoint  almost  completely. 
4-valve  per  cylinder  engine  penetration  was  accurately  estimated  by  EEA,  but  the 
accompanying  en^e  downsizing  to  maintain  constant  performance  did  not  occur; 
instead,  there  are  several  models  for  4-valve  V-8  engines  that  provide  250  to  300  HP,  an 
event  not  forecast  by  EEA. 

EEA  did  not  forecast  any  weight  reduction  In  the  1989- 199S  time  frame,  but  also  did  not 
forecast  weight  increases  that  have  occurred  recently.  Most  tiew  modeU  have  significant 
improvemenu  to  body  txiSntu  in  bending  and  torsion,  and  as  a  result,  weigh  100  to  150 
lbs  more  than  their  older  counterparts.   Examples  include  the  Chrysler  Clmia/Stratus, 
Ford  Contour/Mystique  and'GM  LeSabre/Olds  88.  Indeed,  the  only  vehicle  which 
showed  significant  weight  reduction  in  this  time  frame  is  the  Giryslcr  Neon. 

The  technology  based  estimates  of  fuel  economy  benefit  are  quite  dose  to  the  actual 
achieved  levels,  to  within  1.5  percent.  The  weight  increases  a&sodated  with  body 
stiffness  improvements  are  the  major  reason  for  the  difference  between  EEA  estimates 
and  actual  1995  CAFE,  while  performance  and  sales  mix  estimation  error  are  smaller 
reasons.  A  preliminary  estimate  suggesu  that  performance  increase  caused  a  0.7  MFG 
loss  rather  than  0.6  forecast,  while  sales  mix  shifts  caused  a  1.5  MPG  loss,  rather  than 
the  1.4  MFG  forecast.  The  additional  03  MPG  loss  is  associated  with  the  changes  to 
body  stiffness,  for  a  total  reduction  of  Oi  MPG. 
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DOMESTIC  MANUFACTURERS 
1995  PRODUCT  PLAN  CASE 


TccbaolQSi! 

F/E 

Penetration 
Inaeaae  From 
1987  (%} . 

1995 
Penetration 

Fleet 
F/EGain 

m 

Front  Wheel  Drive 

10.0 

12 

86 

1.20 

Drag  Reduction 

2J/4.6 

65/15 

-100 

2.19 

4-speed  Automatic  Trans 

4i 

40 

80 

1.80    • 

Torque  Converter 
Lock-up 

3.0 

20 

90 

0.60 

Electronic  Transmission 
Control 

0.5 

80 

80 

0.40 

Accessory  Improvements 

0.S 

■     89 

•    N/M 

0.40 

Lubricant/Tire 
Improvements 

1.0 

100 

100 

1.00      . 

Engine  Improvements 

■  Advanced  Pashrod  (AOHV) 

-  O'rhd  Cam  (Over  AOHV) 

-  Roller  Cam  Followers 

-  Low  Friction 

Pistons/Rings 

-  Throttle  Body  FI 
•  Multi-point  FI 

(over  throttle  body) 

3.0 
3.0 
2.0 

2.0 
3.0 
"3.0 

(40) 
45 
40 

80 
12 
12 

30 
69 
95 

100 
40 
60 

1.20 
135 
0.80 

L60 
0.36 
0.36 

4  valves  per  cylinder  engine 

-  4  cyl  replacing  6' 

-  6  cyl  replacing  8" 

8.0 
8.0 

18 
12 

18 
12 

1.44 
0.96 

Total  F/E  Benefit  (%) 

15.66% 

Number  in  parenthesis  for  advanced  pushrod  indicates  45  percent  of  pushrod  engines 

replaced  by  OHC  engines. 
N/M:   Not  meaningful 


Drag  reduction  for  large/luxury  cars  from  Cq  >  0.42  baseUne. 
••   1987  distribution:  20i%  V-8,  29i%  V-6,  50%  4  cylinder. 
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W95  PRODUCT  PLAN 

DOMESTIC  LDV  FLEET 

(Continued) 


1987  Fuel  Economy: 

26.7  MPG 

1995  Fuel  Economy  w/o  size  or 
performance  increase 

30.9  MPG 

Size/weigh;  Increase 

•1.4  MPG 

Perfbrznance  Inaease 

-0.7  MPG 

Effect  of  Emission/Safety  Standards 

iOSMPG 

1995  Product  Plan  Fuel  Economy 

?8,0  MPG 

1995  MAX.  TECHNOLOGY  CASE 

1995  Fuel  Economy  w/o  iize  or 

performance  Increase  30.9  MPG 

Effect  of  Emission/Safety  Standards  -0.8  MPG 

Replace  all  TBI  with  MPFI  +0J2  MPG 

Increase  OHC  peneuation  to  80%  +0.08 -MPG 

Size/Weight  Increase  to  '90  (est.)  -0.80  MPG 

Performance  Inaease  to  '90  (est)  -Q.4Q  MPG 

1995  Max  Tech  Case  293  MPG 
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DRAFT    2/20 

STATEMENT  OF  THE  U.S.  ON  TECHNICAL  ADVISORY  PANELS 

Thank  you  Mr  Chairman. 

We  very  much  appreciate  the  efforts  that  have  gone  into  your  report  on 
the  proposed  establishment    of  the  Technical  Advisory  Panels   as  described  in 
document   SBSTA/1996/2. 

Before  commenting    specifically  on  this  very  useful  proposal,  I  would  like  to 
first  address  what  we  believe  is  the  underlying    rationale  that  should  guide  the 
creation  and  work  of  the  these  technical   advisory  panels.     I  am  certain  that  all 
of  you  share  with   me  a  clear  recognition   of  the  complexity    of  the  issues  that  we 
face  in  developing  an  effective  response   to  the  threat   of  global  warming.     While 
these   complexities    cannot  be  used  as  an  excuse  for  inaction,   there  existence 
underscores    the  need  to  obtain  the  very  best  scientific   and  technical  information 
to  support   our  efforts.     The  excellent  work  of  the  IPCC  assessments    have,  in 
part,  fiilfilled  that  need.    Dec.  6  of  the  First  Conference  of  Parties   called  on  us 
to  go  beyond  the  recently   completed  work  of  the  BPCC  to  establish    technical 
advisory  panels  that  would  "identify  innovative,    efficient,   and  state-of-the-art 
technologies    and  know-how   and  advice  on  the  ways  and  means  of  promoting 
development    and  /or  transferring    such  technologies." 

To  successfully    fulfill  this  mandate,  we  believe  that  these  technical 
advisory   panels  (1)  must  draw  extensively    from  the  expertise    of  the  private  and 
public  sector,  including  academia  and  other  NGO  organizations,    (2)  that  members 
of  the  panel  must   serve  as  independent    experts,    not  representatives     of  any 
government    or  region,  industry,    or  private  organization,    (3)  that  the  work  of 
these   experts   must  imdergo  independent    peer  review  and  be  presented   as 
objective  information   to  the  SBSTA  and  AGBM,  as  appropriate,   for  use  by  these 
bodies  in  their  deliberations,    and  (4)  that  participants    in  these  panels  should 
reflect  geographic  balance  to  insxu-e   that  technical   concerns  and  perspectives    of 
aU  are  reflected   in  their  work. 

Mr.  Chairman,    with   these  principles   in  mind,  I  would  like  to  offer  the 
following  comments   on  the  draft  proposal  you  have  prepared  for  our 
deliberations: 

~  We  very  much  agree  with  your  suggestion    that   the  functions    of  the  two 
panels  be  combined  into  a  single  panel.    If  the  need  for  a  second  panel  arises 
over  the   course   of  time,   it  can  always   be  created   at  a  later  date. 

-  We  think   that  there  is  no  real  need  to  designate    the  panel  as 
provisional.     In  fact,  because  it  is  unlikely    that  much  of  the  panel's  work  can  be 
completed  prior  to  COP  3,  its  mandate   should  necessarily    extend  well  beyond 
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that  meeting   in  1997. 

—  We  concur  that  agreement    on  a  work  programme    is  essential    and  have 
reviewed  your  thoughts    on  this  matter  with  great  interest.     We  believe  that, 
initially   the  core  work  of  the  TAP  should  focus  on  item  number   two  in  your 
suggested    list,  an  assessment    of  innovative    technologies,    though   we  note  that  the 
areas  of  review  should  be  broader  in  order  to  avoid  too  narrow   a  focus  among 
the  broad  array  of  technical   opportunities    with  widely  differing  applicabilities 
that   exist  throughout    the  world.    With  regard  to  the  other  items  on  the 
proposed  work  programme,   we  believe  that  existing    organizations    can  best  carry 
out  these   efforts   on  a  timeframe    consistent   with  COP  3. 

-  We  very  much  concur,  Mr  Chairman,   with  your  statement    in  para  1(a) 
that   the  members    of  the  panel  be  "technical   and  scientific   experts,    advising  in 
their  personal  capacities." 

—  In  line  with   this  principle,  we  strongly   urge  that  members    of  the 
Technical  Advisory  Panel  should  be  selected  on  the  basis  of  their  expertise, 
seeking  to  insiu-e  that  the  panel  members   represent   technical   and  geographical 
diversity.      While  geographical   diversity    is  critical  to  the  successful    functioning    of 
the  TAP,  we  should  stick  to  the  principle  that  members   serve  as  independent 
experts    not  representing    any  organization    or  region. 

—  Mr.  Chairman,  we  concur  fully  with  your  proposal  that  the  panel  be 
permitted  the  flexibility  to  operate  how  it  best  sees  fit  (for  example,  holding 
workshops,    reviewing    others   reports,   preparing   its  own  reports). 

In  summary,    let  me  say  that  we  believe  it  is  important    to  reach  conclusion 
on  the  establishment     of  a  Technical   Advisory  Panel  and  that   the  Panel  should 
initiate    its  work  as  quickly  as  feasible.      One  option,  that  we  believe  has 
considerable   merit  is  to  locate  the  Technical   Advisory  Panel  within    the  IPCC. 
The  IPCC  already  has  a  proven  track  record  in  delivering   sound,  independent 
scientific   and  technical   analysis    to  SBSTA  and  the  Parties.     Under  this  option, 
SBSTA  would  define  the  parameters    of  the  work  that  we  want  done  by  the  TAP 
and  request   that  the  IPCC  take  on  this  effort. 

Finally,  Mr  Chairman,  to  facilitate  progress,  we  would  support  working 
from  the  draft  you  have  prepared  with   three  specific  modifications: 

1.  To  establish    the  20  members   of  the  TAP,  we  recommend   that  all  Parties 
should  submit   nominations    within   8  weeks   to  the  secretariat    along  with 
supporting    information    describing   the  nominees   expertise.     The  Bureau  would 
sort  through    these   nominations    and  make  recommendations,     reflecting    necessary 
technical    and  geographic   diversity,    to  SBSTA  at  its  next  meeting.    [Can  we  trust 
the  Bureau   to  do  this?     Should  we  give  them  the  final  say?] 

2.  The  Work  Programme    should  be  refocused  to  emphasize   assessments    of 
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innovative    technology   and  technology  transfer.     It  should  be  divided  into  broad 
categories   for  investigation,     allowing  the  technical    experts    involved   to  identify 
spedJBc  issues  within   those  broad  areas  for  detailed  review.     We  suggest    as  a 
starting    the  point  the  following  areas:  energy  supply,   industrial    energy   demand, 
agricultural,     buildings,   transport,    carbon  sinks,   and  other  sectors.   [Are  these  the 
correct  areas???]    It  is  critical  that  the  expertise   of  TAP  members   reflect  these 
broad  areas  of  technical  knowledge.      Members  of  the  TAP  with   expertise    in  one 
of  these  particular   areas  would  be  designated   the  chair  for  this  area  and  be 
charged  with  preparing  and  implementing    a  work  programme    specific  to  that 
area.    The  work  programme   would  be  approved  by  the  TAP.      The  work 
programme   would  focus  on:  identifying   innovative   technological   options; 
evaluating    technical,   economic    and  institutional    barriers   to  commercialization; 
and  identifying    opportunities    for  and  barriers  to  technology   transfer.     The  work 
progranune   in  each  area  would  determine   interim  products  and  a  timetable   for 
imtial  reports.   [Should  we  lay  this  out  in  a  flow  chart?] 


3.    In  place  of  a  roster  of  experts,   and  in  order  to  facilitate   the  work  of  the  TAP, 
Parties   shall  be  requested    also  to  submit  nominations,    along  with  qualifications, 
for  participants    in  each  of  the  7  individual  work  areas  identified   above,    these 
names  would  be  forwarded   to  the  TAP  for  their  consideration   in  identifying 
participants    for  activities    they  imdertake    tmder  the  work  programme. 

Thank  you,  Mr.  Chairman. 
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Intervention  of  the  United  States  of  America  on 

Quantified  Emission  Limitation  and  Reduction  Objectives 

Third  Meeting  of  the  Ad  Hoc  Group  on  the  Berlin  Mandate 

March  6.  1996 


Thank  You  Mr.  Chairman:  -  ~ 

The  United  States  would  like  to  make  a  few  brief  remarks  on  this  issue  —  which  we 
believe  to  be  perhaps  the  most  critical  facing  the  parties  as  they  struggle  to  agree  on  next  steps 
to  address  the  climate  change  problem.   As  we  all  heard  from  Professor  Bert  Bolin,  Chairman 
of  the  Intergovernmental  Panel  on  Climate  Change,  there  is  a  growing  certainty  that  the  issue 
confronting  us  is  real,  and  is  one  that  has  potentially  catastrophic  consequences  for  us  all. 

Our  key  tasks  are  understanding  what  alternatives  exist  to  combat  this  threat  in  an 
environmentally  and  economically  sustainable  manner,  and  developing  the  political  will  to 
remedy  this  problem.   It  is  for  this  reason  that  the  United  States  has,  over  the  past  several 
months,  intensified  our  own  analytic  efforts  to  look  for  the  best  solution.   It  was  also  for  this 
reason  that  we  so  strongly  urged  the  Parties  to  consider  developing  both  their  own  and 
common  efforts  to  analyze  the  effects  of  various  targets  and  timetables  on  emission  levels,  as 
well  as  on  our  global  and  national  economies. 

The  United  States  wishes  to  thank  the  Secretariat  for  its  efforts  in  organizing  the  workshop 
on  QELROs  that  was  held  last  week.    In  our  view,  there  are  a  number  of  important  lessons  to 
be  learned  both  from  that  session,  and  from  our  own  analyses  of  the  QELRO  issue: 

•  Though  all  Parties  have  agreed  to  undertake  additional  steps,  there  are  different  views  on 
how  we  might  best  implement  targets  and  timetables,  and  about  the  most  environmentally 
beneficial  and  cost-effective  structure  for  them; 

•  The  call  for  possible  differentiation  between  Parties  raises  many  issues  on  which  we  will 
need  to  work;  and 

•  The  level,  timing,  location  and  sharing  of  action  cleariy  affect  the  expected  environmental 
impacts  and  benefits,  as  well  as  the  costs,  and  must  be  more  fully  considered. 

It  is  also  clear  to  us  that  under  the  structure  of  the  "aim"  set  forth  in  Article  4.2(a)  and 
(b),  that  few  countries  are  likely  to  achieve  their  current  domestic  goals  with  the  existing  array 
of  policies  and  measures  being  taken.    Given  the  high  hopes  with  which  all  countries  set  out 
to  meet  their  aim  in  1992  when  the  FCCC  was  adopted,  we  must  begin  to  consider  what 
shortcoming  afflicts  us  all,  and  why  success  is  so  elusive.   We  must  take  whatever  action  is 
necessary  to  make  sure  that  our  next  steps  are  a  success. 

The  next  steps  we  take  must  meet  tests  of  both  environmental  sustainability  and  cost- 
effectiveness.    In  our  statement  on  this  issue  at  AGBM-2,  we  noted  the  potential  advantages  of 
thinking  about  cumulative  targets  and  multiparty  targets,  as  well  as  annual  or  periodic  targets. 
These  concepts  were  elaborated  on  by  a  number  of  presentalions  at  the  QELRO  workshop  last 
week.    The  flexibility  to  determine  the  timing  over  which  a  given  quantity  of  emissions  will 
occur  offers  the  potential  for  countries  to  choose  the  most  cosl-cffcctivc  paths.    Similarly, 
flexibility  as  to  where  reductions  are  made  can  offer  the  poleniial  for  additional  cost  savings. 
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If  we  choose  a  cost-efTective  structure  —  that  is,  if  we  use  our  limited  resources  wisely 
—  we  will  in  fact  be  able  to  afford  to  do  more  to  protect  the  climate.   This  will  ensure  the 
effectiveness  of  the  global  program  in  the  face  of  serious  competition  for  scarce  resources 
from  other  critical  national  and  international  problems.   Environmental  solutions  must  go 
hand-in-hand  with  economic  growth.    Our  emphasis  on  cost-effectiveness  is  meant  to  capture 
both  the  environmental  and  economic  aspects  of  climate  strategies  needed  to  promote 
sustainable  development. 

One  of  the  key  articles  in  the  FCCC   (Article  4,  in  paragraphs  2(a)  and  10)  speaks  to 
the  need  to  consider  national  circumst£mces  wheji  setting  targets  and  timetables  as  appropriate 
incentives  for  additional  action.    The  inclusion'of  this  language  underscores  the  agreement 
among  parties  that  any  future  step  must  provide  flexibility  in  the  implementation  of 
obligations. 

Mr.  Chairman,  these  things  having  been  said,  it  is  clear  that  we  have  not  yet  found 
consensus  on  next  steps.    We  have  been  provided  with  proposals  for  a  protocol  from  the 
Alliance  of  Small  Island  States,  as  well  as  a  framework  for  a  Protocol  from  the  European 
Union,  and  suggestions  on  a  protocol  by  the  Russian  Federation.   We  have  had  a  preliminary 
exchange  of  views  at  our  last  AGBM  session,  and  have  heard  from  a  number  of  technical 
experts  on  how  we  may  move  forward  ~  and  of  some  of  the  consequences  to  our  moving  in 
any  given  manner. 

The  United  States  has  made  significant  progress  in  advancing  our  own  thinking  during 
this  analytical  phase  of  our  process.   We  are  assessing  the  effects  of  various  protocol  proposals 
submitted  by  others  on  our  own  economy  (a  task  which  we  have  begun,  and  hope  to  complete 
by.C0P2).   We  need  to  assess  how  we  could  most  flexibly  implement  the  various  proposals 
that  have  been  laid  before  us.     We  look  forward  to  sharing  our  results  with  you  at  the  next 
session,  and  to  beginning  the  development  and  negotiation,  on  the  basis  of  our  shared 
understanding,  of  a  text  for  next  steps  to  which  we  can  all  agree. 

Thank  you. 
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Intervention  of  the  United  States  of  America  on 

Policies  and  Measures 

Third  Meeting  of  the  Ad  Hoc  Group  on  the  Berlin  Mandate 

March  6,  1996 

Thank  you,  Mr.  Chairman. 

We  arc  very  gratefiil  to  the  Secretariat  for  the  significant  effort  it  has  made  in  the  paper  on 
"Policies  and  Measures'  (FCCC/AGBM/ 1996/2)  to  come  to  grips  with  this  issue  and  to  help  advance 
our  work.    We  are  also  grateful  to  the  Secretariat  for  organizing  the  workshop  on  this  issue  that  took 
place  on  March  4-5. 

Among  other  things,  the  Berlin  Mandate  calls  for  this  process  in  which  we  are  currently 
engaged  to  elaborate  "policies  and  measures".   The  first  communications  of  Annex  I  Parties  describe 
over  one  thousand  policies  and  measures.    After  eliminating  duplication  and  overlap,  the  compilatioa 
and  synthesis  of  those  communications  suggests  that  some  270  different  measures  remain,  fitting  into 
some  30  different  categories.    This  extensive  list  of  action  items  suggests  that  parties  are  indeed 
finding  enormous  numbers  cf  ways  to  reduce  emissions  —  and  suggesting  that  there  are  significant 
opportunities  available  as  we  work  to  assess  ways  to  meet  our  new  targets. 

We  recall  that  last  year,  in  the  first  paper  on  Policies  and  Measures,  the  Secretariat  provided 
nine  useful  categories  into  which  they  could  be  divided,  following  a  sectoral  approach.   And  the     Il~.'. 
current  paper  also  draws  our  attention  to  the  "policy  objectives'  or  "areas  of  opportunities"  for 
greenhouse  gas  reductions,  including  regulations  and  guidelines,  economic  instruments  md  incentives, 
voluntary  agreements  and  actions,  information,  education  and  training  and  research,  development  and- 
demonstration.  An  alternative  effort  to  categorize  opportunities  was  provided  in  the  EU  framework, 
which' included  three  categories  for  policies  and  measures:    (1)  those  that  would  be  adopted  in 
common;  (2)  those  that  would  be  commonly  considered;  and  (3)  those  that  would  be  commonly 
recommended. 

Mr.  Chairman,  we  very  much  appreciate  all  of  the  conceptual  effort  that  has  gone  into  these    . 
suggestions  and  approaches,  and  acknowledge  their  contribution  toward  advancing  the  work  of  this 
body.    Categorizatioris  such  as  these  provide  a  valuable  framework  for  considering  each  of  our  own 
programs  to  address  climate  change. 

At  the  same  time,  we  should  not  confuse  our  decision  at  the  last  session  to  narrow  down  our 
analysis  and  assessment  of  policies  and  measures  with  eliminating  potential  approaches  for  action  in 
the  broader  context  of  our  negotiations.    On  the  one  hand,  this  desire  to  narrow  down  for  purposes  of  . 
analysis  and  assessment  is  understandable  —  in  the  short  time  available  to  us,  how  are  we  to  progress 
without  choosing  areas  of  emphasis  and  setting  priorities?-On  the  other  hand,  we  are  only  likely  to  be 
able  to  meet  the  targets  and  timeubles  which  the  Berlin  Mandate  calls  for  us  to  set  if  we  retain  the 
flexibility  provided  to  us  by  the  full  array  of  policy  choices.    Would  it  not  be  easier  to  meet  these 
targets  and  timetables  if  we  retain  all  of  our  options? 

Moreover,  efforts  to  narrow  the  scope  of  our  negotiations  promise  to  have  two  other 
consequences,  neither  of  which  would  to  hasten  our  progress  to  protect  our  global  climate  system. 
First,  it  has  the  potential  to  run  roughshod  over  the  very  real  and  very  great  differences  in  national 
circumstances  that  we  face.    Second,  it  has  the  poieniial  to  be  contentious  and  protracted.    It  could 
yield  results  that  are  meager  in  comparison  with  the  level  of  action  we  seek  and  that  the  IPCC's 
Second  Assessment  Report  clearly  indicates  is  needed.    In  our  efforts  here,  as  in  our  efforts  at  home, 
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wc  must  use  oar  resources  as  effectively  and  efficiently  as  possible. 

The  United  States  agrees  that  the  entire  array  of  options  may  be  too  vast  for  individual 
consideratioQ  by  all  Parties,  and  that  some  criteria  may  be  usefully  developed  for  categorizing  our 
choices.    One  alternative  is  to  examine  first  those  actions  which  already  have  the  greatest 
commonality.    The  Secretariat  paper  identified  seven  specific  measures  that  were  undertaken  by  more 
than  15  Annex  I  countries.    In  addition,  another  19  measures  (with  some  overlap)  were  undertaken  by 
11  to  15  Parties,  suggesting  that  there  is  a  total  of  approximately  25  different  types  of  measures  that 
may  be  considered  broadly  similar,  and  that  are  already  being  undertaken  by  a  large  number  of 
Parties.    Clearly,  efforts  with  widespread  support  must  merit  broad  consideration  by  individual 
countries  —  both  those  which  are  taking  these  measures,  and  those  that  might  benefit  from  considering 
other  ways  to  implement  their  programs.   They-may  also  be  of  interest  to  countries  that  have  yet  to 
consider  these  kinds  of  actions. 

Another  way  to  categorize  the  policies  and  measures  deserving  further  attention  might  be  to 
consider  those  areas  in  which  only  a  few  Parties  have  chosen  to  act  —  but  which  yield  significant 
climate  protection  benefits.    For  example,  in  the  United  States: 

—  last  week,  we  promulgated  a  rule  controlling  methane  emissions  from  landfills 
resulting  in  reductions  of  37  MMTCE  in  the  year  2000,  equivalent  to  eliminating  the 
greenhouse  emissions  of  21  million  cars; 

—  Another  measure,  designed  to  reduce  uses  of  HFC  and  PFCs  by  nearly  5  MMTCEj-^.- 
and  is  equal  to  nearly  half  the  entire  effort  contained  in  the  national  plan  of  the  United 
Kingdom. 

Other  countries  have  similar  success  stories  —  but  these  efforts  have  not  yet  been  widely  duplicated. 

Another  promising  method  for  categorization  may  be  made  on  the  basis  of  the  economic 
benefits  of  available  alternatives.    Again,  examples  from  the  U.S.  Climate  Change  Action  Plan  may 
be  instructive  —  although  we  are  fully  aware  of  similarly  effective  efforts  in  other  national  programs.r- 
The  U.S.  "Motor  Challenge  Program"  is  projected  to  cost  our  federal  government  approximately  S30  - 
million  and  involve  private  sector  capital  investments  of  S4  billion  over  the  next  five  years  —  but  it  is 
projected  to  lead  to  savings  of  more  than  S5.3  billion  over  the  same  period  through  energy  savings. 
And,  it  is  anticipated  to  reduce  U.S.  greenhouse  gas  emissions  by  some  8.8  MMTCE.    Some  of  our 
State  and  local  air  pollution  prevention  efforts  are  even  more  cost  effective  per  ton  of  C02  equivalent 
removed:    for  approximately  S90  million  each  of  federal  and  private  investment,  a  savings  of  S5.4 
billion  is  projected  to  go  along  with  emissions  reductions  of  4.2  MMTCE. 

Mr.  Chairman,  let  me  rum  now  to  another  issue  that  has  been  extensively  discussed  here:  that 
of  the  harmooJzation  of  measures.    In  order  to  do  so,  let  us-consider  again  the  list  of  the  most 
commonly  adopted  measures  (i.e.,  those  undenaken  by  more  than  15  Panics).    Few  if  any  of  the 
measures  on  this  list  arc  undertaken  in  a  coordinated  or  harmonized  manner.   For  example,  we  find 
that  many  Parties  have  set  minimum  appliance  efficiency  standards.  In  fact,  the  United  Slates  has  such 
standards,  as  do  most  countries  in  the  OECD. 

However,  even  in  the  case  of  such  a  universal  appliance  as  the  refrigerator,  significant 
differences  exist.    We  have  different  size  refrigerators,  with  larger  freezer  compartments  in  the  United 
States  than  is  common  in  Europe  (U.S.  residents  tend  to  shop  less  frequently,  further  from  their 
homes,  and  buy  in  greater  bulk  than  do  their  European  counterparts).  Recognizing  that  improvements 
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in  refrigerator  efficiency  are  desirable,  are  harmonized  standards  for  refrigerators  therefore  an 
appropriate  tool?   Even  if  we  could  definitively  answer  this  question,  it  seems  doubtful  that  we  will 
succeed  in  the  time  available  to  us  in  harmonizing  the  complex  appliance  sector.  In  this  regard,  we 
note  that  it  has  proven  impossible,  after  decades  of  effort,  to  sundardize  the  voltage  or  even  the  size 
of  electrical  outlets  within  the  OECD,  a  standardization  that  would  certainly  benefit  consumers  in 
purchasing  the  most  efficient  appliances  wherever  produced. 

A  gasoline  tax  is  another  example  of  a  commonly  applied  policy  that  is  not  fully  harmonized. 
All  countries  have  set  taxes  on  gasoline;  these  are  usually  fed  directly  into  national,  state  and  local 
treasuries  as  revenue  raising  measures.  In  the  United  States,  taxes  are  considerably  lower  than  those 
in  Switzerland  —  or  for  that  matter  in  other  countries  in  Europe.  Clearly  our  countries  have  managed 
to  decide  to  impose  gasoline  taxes  without  the -need  to  coordinate.  The  differences  between  our  taxes 
reflect  historical  choices  about  the  sources  on  which  to  put  the  emphasis  when  raising  revenue  (for 
example,  income  taxes,  VAT,  property  taxes). 

Harmonization  certainly  has  a  role  in  environmental  management,  yet  it  can  be  a  double  edged 
sword.    Harmonized   standards  are  not  always  cotisistent  with  compliance  or  implementation 
flexibility.    Despite  attempts  to  avoid  it,  harmonized  standards  often  tend  to  the  lowest  common 
denominator.    Harmonized  standards  are  not  necessarily  consistent  with  innovation  —  while 
harmonization  at  a  high  level  of  environmental  protection  at  one  point  in  time  may  be  successfiil,  the 
standard  can  tend  to  dampen  innovation.    Finally,  setting  harmonized  standards  and  measures  will 
always  be  complex  and  will  undoubtedly  entail  high  transaction  costs.    In  light  of  the  problems  that— ;- 
are  clearly  foreseeable,  we  must  ask  whether  efforts  to  harmonize  or  coordinate  measures  that  are   '.rT 
already  common  to  a  large  number  of  Panics  is  the  best  use  of  the  time  available  lo  us  under  the 
Berlin  Mandate. 

Mr.  Chairman,  several  key  points  emerge  from  the  considerations  we  have  discussed  here:    . .. 

1)  NVhile  we  must  reduce  the  number  of  variables  to  a  manageable  set  for  purposes  of 
analysis  and  assessment,  we  should  clearly  acknowledge  that  such  a  narrowing  down  will  be 
counterproductive  if  carried  forward  into  our  negotiations  —  if  anything,  we  will  need  more  ''" 
options,  not  fewer,  if  we  are  to  set  meaningful  targets  and  timetables  as  we  are  called  upon  to 
do  by  the  Berlin  Mandate. 

2)  In  constructing  a  common  menu  of  available  actions,  we  should  seek  to  learn  firom  the 
experience  of  others  —  if  specific  and  effective  actions  have  been  adopted  only  by  a  few 
countries,  we  should  seek  to  determine  why,  and  whether  they  may  be  of  interest  more 
broadly. 

3)  While  it  is  desirable  to  construct  a  common  menu  of  availabls  actions,  seeking  to 
harmonize  or  coordinate  common  measures  may  not'achieve  the  greatest  environmental 
protection,  or  be  worth  the  limitation  of  national  flexibility  and  the  adverse  impact  on 
innovation. 

4)  Also  in  constructing  a  common  menu  of  actions,  we  should  pay  particular  attention  to 
those  that  hold  significant  promise  to  reduce  emissions  of  greenhouse  gases  and  to  be  the  most 
economically  beneficial  and  environmentally  sustainable. 

Thank  you,  Mr.  Chairrrun. 
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U.S.  Second  Intervention  on 

Policies  and  Measures 

Third  Meeting  of  the  Ad  Hoc  Group  on  The  Berlin  Mandate 

March  7,  1996 


Thank  you  Mr.  Chairman  for  giving  me  the  floor  for  a 
second  time  on  this  issue.  -I  would  like  to  respond  briefly  to 
my  distinguished  colleague  from  "the  Netherlands.   From  his 
remarks,  I  am  pleased  to  note  several  areas  of  convergence  in 
our  views  on  policies  and  measures. 

We  agree  especially  with  the  Netherlands'  point  that 
markets  often  benefit  from  coordination  of  standards.  We 
would  add,  for  example,  that  coordinated  design  codes  of 
product  standards  for  energy  efficiency  may  be  attractive  to 
countries  with  emerging  markets,  so  as  to  promote  efficient 
growth  and  thereby  avoiding  unnecessary  stresses  on  these 
countries'  production  capacity. 

Mr.  Chairman,  we  meant  to  stress  in  our  intervention 
yesterday  that  harmonization  can  be  over-emphasized,  and  to 
underscore  that  the  option  of  harmonization  can  be  a  double 
edged  sword.   Harmonized  standards  are  not  always  consistent 
with  compliance  or  implementation  flexibility.  Despite 
attempts  to  avoid  it,  harmonized  standards  often  tend  to  the 
lowest  common  denominator.   Harmonized  standards  are  not 
necessarily  consistent  with  innovation  —  where  harmonization 
at  a  high  level  of  environmental  protection  at  one  point  in 
time  is  successful,  the  standard  can  tend  to  dampen 
innovation.   Finally,  setting  harmonized  standards  and 
measures  will  always  be  complex  and  will  undoubtedly  entail 
high  transaction  costs. 

It  is  for  this  reason  that  we  suggested  yesterday  that  we 
must  ask  whether  efforts  to  harmonize  or  coordinate  measures 
that  are  already  common  to  a  large  number  of  Parties  are  the 
best  use  of  the  time  available  to  us  under  the  Berlin  Mandate. 

Thank  you,  Mr.  Chairman. 


2_p_m.doc 
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United  States  Statcmeat  on  Advancing  Article  4.1  Commitments 

Third  Session  of  the  Ad  Hoc  Group  on  the  Beriin  Mandate 

March  7, 1996 


Mr.  Chainnan; 


I  would  like  to  take  this  opportunity  to  convey  our  thoughts  on  this  very  important  aspect  of  the  Berlin 
Mandate:  advancing  the  implementation  of  the  Parties'  existing  commitments  under  Article  4.1  to  mitigate 
greenhouse  gas  emissions.   I  note  that  the  Secretariat  has  once  again  prepared  several  useful  documents 
relevant  to  this  discussion  and  I  would  like  to  thank  the  Secretariat  for  its  valuable  and  timely  work  in  this 
area. 

At  the  second  session  of  the  AGBM,  we  heard  presentations  from  a  number  of  parties  emphasizing  the 
positive  and  diverse  activities  they  are  undertaking  to  implement  their  existing  commitments  under  Article  4.1. 
We  listened  with  interest  to  these  presentations  and  were  impressed  with  the  wide  array  of  activities.  We  are 
pleased  that  our  cooperative  work  with  many  other  countries  through  the  U.S.  Country  Studies  Program  has 
played  a  valued  role  in  their  programs  and  activities  addressing  climate  change. 

As  the  Secretariat  has  noted  in  document  FCCC/AGBM/1996/l/Add.l,  advancing  the  implementation  of 
Parties'  commitments  under  Article  4.1  entails  more  than  reporting  on  their  current  activities. 

The  United  States  believes  there  is  a  tremendous  potential  for  all  countries,  including  developing  countries,  to 
further  their  objectives  for  economic  development  and  growth  and  to  protect  the  earth's  climate  system  at^the 
same  time.  The  IPCC  Second  Assessment  Report  concluded  that  there  is  a  range  of  policies  and  actions  to' 
mitigate  greenhouse  gases  that  are  appropriate,  feasible,  and  cost-effective  for  ail  Parties.  The  EPCC  report." 
noted  that  many  opportunities  to  reduce  greenhouse  gas  emissions  at  litde  or  no  cost,  or  even  at  a  profit,  are 
available  to  developed  and  developing  countries  alike.  By  seizing  these  opportunities,  all  countries  can,  and 
must,  contribute  to  changing  the  path  of  dramatic  emissions  growth  that  the  world  currently  faces. 

Finding  and  seizing  these  opportunities  are,  we  believe,  at  the  heart  of  the  obligation  of  all  countries  to 
advance  the  implementation  of  existing  commitments  under  Article  4.1. 

There  is  much  scope  for  developed  and  developing  countries  to  worlc  together  in  this  endeavor.  Through  the 
Country  Studies  program,  which  I  have  already  mentioned,  the  United  States  has  been  able  to  provide 
developing  countries  and  countries  with  economies  in  transition  with  technical  and  fmancial  help  to 
understand  the  sources  of  greenhouse  gas  emissions  and  identify  attractive  options  to  reduce  them.   Through 
this  process,  and  similar  efforts  by  other  countries,  a  number  of  countries  have  built  invaluable  planning 
capacities  and  technical  capabilities  for  dealing  with  climate  change.     A  few  examples  may  help  illustrate  the 
breadth  and  significance  of  these  opportunities: 

Improved  refrigerator  designs  consume  less  energy  while-eliminating  ozone-destroying  CFCs.  More 
efficient  refrigerators  translate  directly  into  reduced  pressure  on  scarce  capital  for  expansion  of  power 
production  and  transmission  capacity.  And  with  power  demands  reduced,  the  path  of  greenhouse  gas 
emissions  growth  can  be  reduced.  Design  codes  and  product  standards  for  buildings,  appliances  and 
other  equipment  may  also  be  useful  to  developing  countries. 

Nutritional  supplements  can  improve  the  health  and  productivity  of  cattle  —  and  reduce  their  methane 
emissions. 
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Methane  gas  can  be  profitably  recovered  from  coal  beds  before  coal  is  mined,  recovering  fuel  and 
reducing  accident  risks  v^le  preventing  greenhouse  emissions. 

Countries  can  also  improve  conditions  for  economic  development,  climate  protection  and  overall 
environmental  quality  by  identifying  and  eliminating  market  imperfections,  barriers  to  technological 
development  and  difl^ision,  administrative  inefficiencies  and  constraints,  and  legal  instabilities.   Such  actions 
lay  the  foundation  for  a  cost-effective  and  comprehensive  long-term  strategy  for  addressing  the  climate  change 
problem. 

The  United  States  believes  that  all  parties  have^^e  opportunity  to  learn  from  one  another  in  carrying  out  their 
Article  4.1  commitments.   The  open  exchange  of  experiences  and  information  is  critical  to  understanding  and 
overcoming  barriers  and  identifying  win-win  solutions.  To  this  end,  we  support  the  proposal  of  the  G-77  and 
China  for  additional  workshops  as  a  valuable  contribution  to  this  process.   There  may  also  be  value  in 
additional  meetings,  perhaps  on  a  regional  basis,  on  opportunities  to  adopt  best  practices  and  other  means  to 
promote  economic  growth  and  climate  protection  at  the  same  time. 

We  would  also  like  to  suggest  that  consideration  be  given  to  the  possibility  of  using  the  multilateral 
consultative  process  yet  to  be  defined  under  Article  13  as  a  vehicle  for  facilitating  the  implementation  of 
commitments  for  all  parties.    Such  a  process  could  draw  upon  the  expertise  of  a  range  of  technical  experts 
from  both  developed  and  developing  countries.  The  experts  would  provide  advice  and  guidance  on  an  as- 
needed  basis  to  assist  parties  with  questions,  concerns  and  problems  relating  to  the  full  range  of  commitments: 
national  inventories,  assessment  of  mitigation  and  adaptation  options,  development  of  climate  response     .-:::. 
strategies  and  programs  and  preparation  of  national  communications. 

An  additional   component  of  the  AGBM's  work  to  advance  the  implementation  of  Article  4.1  must  be  a  firm" 
commitment  to  an  ongoing  woiicprogram  on   technology.   We  fully  support  the  decisions  of  the  SBSTA  and 
SBI  on  these  matters  and  urge  that  the  Secretariat's  valuable  work  in  this  area  serve  as  a  initial  step  in  a  multi- 
pronged  effort  on  technology. 

Advancing  the  implementation  of  existing  commitments  will  be  a  long-term  process  for  all  parties.  We  see-k- 
not  as  an  objective,  in  and  of  itself,  but  rather  as  a  foundation  laying  exercise.  What  we  are  seeking  to  do,  afa 
national  and  global  level  is  to  lay  the  groundwork  for  a  long-term  strategy  to  meet  the  threat  of  climate 
change.  The  successful  implementation  of  such  as  strategy  is  the  key  to  our  sustainable  development 
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Statement  of  the  U.S.  Delegation  on 

Possible  Features  of  a  Protocx)!  or  Another  Legal  Instrument 

Ad  Hoc  Group  on  the  Berlin  Mandate  -  Third  Session 

March  7,  1996 

Geneva 


Thank  you,  Mr.  Chairman.   Let  me  begin  by  noting  that  the  Ad  Hoc  Group  on  the  Berlin 
Mandate  (AGBM)  will  meet  twice  more  this  year  and  two  times  next  year  prior  to  the  Third  Session 
of  the  Conference  of  the  Parties.   While  my  delegation  has  strongly  supported  analysis  and  assessment 
in  the  early  stages  of  our  negotiation,  we  are  also  very  much  aware  that  time  is  of  the  essence.   We 
must  move  forward  sensibly,  but  progressively  -  not  only  because  we  are  required  to  do  so  under  a 
decision  taken  last  year  in  Berlin,  but  because  the  scientific  evidence  of  climate  change  continues  to 
mount.  The  Second  Assessment  Report  of  the  Intergovernmental  Panel  on  Climate  Change  (IPCC) 
now  indicates  that  there  is  discernible  human  influence  on  the  climate  system.   Over  two  thousand  of 
the  world's  leading  scientists  have  now  concluded  that  recent  trends  can  no  longer  be  attributed  solely 
to  natural  variability. 

Clearly,  there  are  still  uncertainties,  but  it  has  become  increasingly  certain  that  we  cannot  seek 
refuge  in  scientific  uncertainty.   The  stakes  are  simply  too  high  —  the  costs  of  inaction  are  too  great. 
We  must  proceed  resolutely  on  the  course  set  in  Berlin. 

I  make  these  observations  about  the  urgency  of  our  work  because  they  may  have  a  significant 
bearing  on  the  choice  of  instrument  we  will  use  to  adopt  the  results  of  our  work  next  year.  The 
United  States  urged  strongly  in  Berlin,  and  we  continue  to  urge,  that  the  specific  instrument  chosen  is 
only  i  vehicle  —  we  must  ultimately  choose  a  specific  legal  instrument  that  provides  the  swiftest,  most 
efficient  means  of  reaching  our  common  objective.  What  is  important  in  the  first  instance  is  defining 
an  objective.    We  should  then  be  in  a  position  to  choose  the  specific  vehicle. 

Need  to  Resolve  Rules  of  Procedure 

At  present,  whether  a  protocol  or  amendment  offers  the  clearest  advantages  is  not  discernible. 
Our  vision  is  clouded,  in  part,  because  of  continuing  uncenainty  regarding  the  rules  of  procedure  we 
will  follow  in  adopting  a  protocol.   To  lift  the  fog,  we  urge  that  C0P2  in  July  spare  no  effort  to 
resolve  this  issue. 

Possible  Advantages  of  an  Amendment 

Meanwhile,  however,  we  think  it  important  to  restate  as  clearly  as  possible  the  advantages  we 
see  in  an  amendment  —  if  only  to  ensure  that  this  option  continues  to  remain  at  hand.    Mr.  Chairman, 
let  me  underscore  that  the  United  States  has  not  as  yet  taken  a  position  to  support  one  form  of  legal 
instrument  over  another.   To  attribute  even  a  preference  to  us  would  be  to  misunderstand  our  position 
in  and  since  Berlin  -  that  the  choice  of  legal  instrument  will  depend  on  the  commitments  it  is  intended 
to  reflect.   So  let  me  say  in  the  clearest  terms  that  we  are  not  opposed  to  a  protocol  per  se. . 

With  regard  to  an  amendment,  we  note  the  following  points: 

*  The  negotiation  of  an  amendment  could  focus  on  a  handfiil  of  convention  provisions,  as 

opposed  to  requiring  negotiation  of  all  the  provisions  that  the  creation  of  a  separate  legal 
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instrument  entails;  as  such,  needless  controversy  might  be  avoided,  and  considerable  time 
might  be  saved. 

*  An  amendment  would  not  raise  complex  issues  concerning  its  relationship  to  the  convention's 
institutions  (e.g..  Conference  of  the  Parties,  Subsidiary  Body  for  Scientific  and  Technological 
Advice,  Subsidiary  Body  for  Implementation);  those  institutions  would  simply  apply.  Such  an 
approach  would  not  only  simplify  the  negotiation,  but  would  be  consistent  with  the  worldwide 
trend  toward  streamlining  of  global  institutions. 

*  The  rules  governing  the  adoption  of  an  amendment  are  already  set  forth  in  the  convention  and 
are  not  dependent  on  reaching  further  agreement  on  the  rules  of  procedure. 

*  If  the  convention  is  to  funrtion  as  a  long-term  vehicle  for  addressing  climate  change,  it  may  be 
more  appropriate  to  develop  a  series  of  amendments  over  time  to  one  convention  than  to  begin 
a  proliferation  of  separate  legal  instruments. 

Thus,  we  see  a  number  of  advantages  to  an  amendment,  and  reiterate  that  the  time  has  not  yet 
come  for  us  to  settle  on  the  specific  legal  instrument.  I  would  note  that  the  three-annex  approach 
tabled  by  the  European  Union  at  our  last  session  in  November  could  fit  as  easily  under  an  amendment 
as  under  a  protocol  -  we  saw  nothing  about  the  EU  proposal  that  would  confine  it  to  a  protocol.  But 
again,  Mr.  Chairman,  it  may  be  that  we  will  decide  ultimately  in  favor  of  a  protocol  -  and  we  are 
convinced  that  a  protocol  could  also  meet  our  needs.  Let  us  avoid  a  rush  to  judgment,  however,  until 
we  have  a  clearer  idea  of  the  commitments  we  will  adopt  next  year. 

SPECIFIC  RESPONSE  TO  FCCC/AGBM/1996/4 

Mr.  Chairman,  we  believe  that  the  Secretariat  has  done  an  excellent  job  in  its  paper  on 
"Possible  Features  of  a  Protocol  or  Another  Legal  Instrument"  in  sening  forth  the  issues  involved. 
We  have  a  number  of  specific  points  related  to  that  paper. 

*  Paragraph  2  -  The  paper  notes  that  it  does  not  address  the  option  of  a  completely  separate 
legal  instrument.   To  our  understanding,  a  legally  binding  instrument  would  either  be  an 
amendment  or  a  separate  legal  instrument.   Thus,  the  notion  of  a  "protocol"  that  is  neither  a 
de  facto  amendment  nor  a  separate  legal  instrument  is  not  clear  to  us.    If  other  colleagues  on 
the  secretariat  can  cite  examples  of  protocols  that  are  neither  separate  legal  instruments  nor 
amendments,  even  if  they  are  called  "protocols,"  we  would  be  interested  in  studying  them. 

*  Paragraph  3  -  We  completely  agree  with  the  secretariat's  assumption  that,  in  the  interest  of 
administrative  efficiency  and  in  light  of  budgetary  constraints,  we  should  avoid  the 
establishment  of  new  institutions  in  a  protocol  regime  unless  absolutely  essential. 

*  Paragraph  5  —  In  our  view,  it  should  go  without  saying  that  it  is  the  Parties  to  an  amendment 
or  protocol  that  should  have  decision-making  authority  thereunder. 

*  Paragraphs  7-10  -  We  agree  that  a  protocol  would  have  to  have  its  own  COP. 

*  Paragraph  1 1  -  We  agree  that  the  work  program  of  the  convention  secretariat  could  be 
expanded  to  serve  a  protocol  regime  or  an  amendment  regime. 

*  Paragraph  12  -  We  are  not  convinced  that  the  SBI,  given  the  language  of  Anicle  10,  could 
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serve  a  protocol;  we  agree,  however,  that  the  only  basis  on  which  the  SBI  might  be  instructed 
to  do  so  is  likely  that  found  in  Anicle  7. 

•  Paragraph  16  -  Under  an  amendment,  the  current  Article  12  requirements  to  communicate 
information  might  not  require  amendment  —  or  might  require  only  modest  amendment.   For  a 
protocol,  relevant  Article  12  provisions  would  need  either  to  be  incorporated  by  reference 
(perhaps  with  appropriate  modifications)  or  spelled  out  de  novo  in  the  protocol  obligations. 

•  Paragraphs  17-18  -  We  agree  that  a  consultative  process  developed  for  the  convention  would 
apply  to  an  amendment,  whereas  the  States  negotiating  a  protocol  would  need  affirmatively  to 
decide  whether  to  have  such  a  process  (either  that  developed  for  the  convention  or  a  different 
one)  apply  to  a  protocol. 

•  Paragraph  19  —  We  agree  with  the  secretariat's  paper  on  the  applicability  of  dispute  settlement 
to  an  amendment  or  protocol. 

•  Paragraph  20  -  We  may  need  to  make  clear  in  an  amendment  that  only  Parties  to  the 
amendment  will  be  able  to  take  decisions  concerning  the  amendment. 

•  Paragraph  22  -  The  need  to  negotiate  final  clauses  for  a  protocol,  rarely  a  simple  or  speedy 
task,  is  an  argument  that  tends  to  support  an  amendment,  since  these  issues  are  already  fixed 
for  an  amendment  in  the  convention  itself. 

Mr.  Chairman,  we  would  like  to  again  thank  the  secretariat  for  its  fine  work  on  this  paper. 


1059 


U.S.  HOUSE  OF  REPRESENTATIVES 

COMMITTEE  ON  SCIENCE 

SUrTE  2320  RAYBURN  HOUSE  OFFICE  BUILDING 

WASHINGTON,  DC  20515-6301 

1202)  22&-8371 

Mama  SOEWX*»IU<OUtf  COV 


January  18,  1996 


Mr.  Peter  F.  Guerrero 

Director,  Environmental  Protection  Issues 

RCED  Division 

U.S.  General  Accounting  Office 

Washington,  D.C.   20548 

Dear  Mr.  Guerrero: 

I  want  to  express  my  ^ipreciation  for  your  participation  in  the  Committee's  recent 
hearing  on  Global  Change  modelling.  Your  testimony  was  of  great  value  to  me  and  to  the 
Committee. 

Enclosed,  you  will  find  some  additional  questions  which  are  intended  to  clarify  ceitain 
points  raised  in  the  hearing  and  develop  additional  information  for  the  Committee's  use.  Your 
written  responses  will  be  included  as  part  of  the  hearing  record.  I  ask  that  you  provide  your 
responses  by  Febniary  15.  You  may  contact  Dr.  William  S.  Smith  of  my  staff  at  202/225-4439 
if  you  have  any  questions  r^arding  this  request. 

Once  again,  thank  you  for  your  assistance. 


^^"I^-^ivjhL 


i,  JR.  jf  J 

I  Member  // 

Enclosure 
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ADDITIONAL  QUESTIONS  FOR  THE  RECORD 
FOR  MR.  GUERRERO 

1  Dr.  Miclueis  suggested  in  his  testimony  thu  diinate  modeien  have  not  been  straightforward  in 
disclosing  the  uncenainties  in  their  models.  Did  the  GAO  find  any  indication  that  modeien  have 
failed  to  appropiiateiy  disclose  model  uncertainties  and  potential  weaknesses? 

2  In  your  opinion,  did  the  USGRP  Modeling  Forum  fairly  consider  ar>d  discuss  the  ^ews  and 
criticisms  of 'skeptics'  such  as  Dr  Michaels  and  Dr.  Lindzen  who  partidpated  in  the  forum? 


GAO 
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United  States 

General  Accounting  Office 

Wasliington,  D.C.  20548 


Resources,  Community,  and 
Economic  Development  Division 

Februaiy  1.  1996 


The  Honorable  George  E.  Brown,  Jr. 
Ranking  Minority  Member 
Committee  on  Science 
House  of  Representatives 

Dear  Mr.  Brown: 

I  have  enclosed  our  response  to  the  two 
additional  questions  you  posed  in  your 
January  18,  1996  letter  pertaining  to  the 
Committee's  November  hearing  on  global 
climate  change  models.   I  appreciate  the 
opportunity  to  be  of  assistance  on  this 
matter. 


Sincerely, 


Peterl*'.  Guerrero 

Director,  Environmental  Protection 
Issues 

Enclosure 
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Enclosure  Enclosure 


Responses  to  Questions  For  the  Record 

1.  Dr.  Michaels  suggested  in  his  testimony  that  climate  modelers  have  not  been 
straightforward  in  disclosing  the  uncertainties  in  their  models.   Did  the  GAO  find  any 
indication  that  modelers  have  failed  to  appropriately  disclose  model  uncertainties  and 
potential  weaknesses? 

No.   During  our  review  of  climate  change  models  in  the  United  States,  the  officials  were 
generally  quite  candid  about  the  model  limitations  and  areas  needing  improvement.  These 
shortcomings  were  also  documented  in  numerous  studies  which  they  made  available  to 
us.   Because  of  the  limitations,  the  modelers  attached  levels  of  certainty,  based  on  their 
scientific  judgment,  to  \'arious  projected  outcomes  (e.g.,  global  temperature  increase  and 
sea  level  rise)  when  they  published  the  results  of  their  Modeling  Forum.   We  did  not 
examine  models  from  other  countries  as  part  of  our  review  and  therefore  cannot 
comment  on  the  extent  to  which  uncertainties  have  been  disclosed  from  such  models. 

2.  In  your  opinion,  did  the  USGRP  Modeling  Forimi  fairly  consider  and  discuss  the  views 
and  criticisms  of  "skeptics"  such  as  Dr.  Michaels  and  Dr.  Lindzen  who  participated  in  the 
forum?  ^ 

The  USGCRP  purposeiy  invited  Dr.  Michaels  and  Dr.  Lindzen  to  the  Modeling  Fonum 
because  they  were  known  to  be  skeptical  concerning  global  warming  amd  the  general 
interpretation  of  results  from  climate  change  models  made  by  other  scientists.   GAO  staff 
who  were  present  at  the  Forum  observed  an  open  exchange  and  consideration  of  views 
and  ideas  from  all  participants  although  full  agreement  was  not  reached  on  all  issues.   As 
a  result,  the  published  account  of  the  Forum  could  be  best  described  as  representing  the 
consensus  view  of  tlie  majority  of  the  scientists  present. 
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U.S.  HOUSE  OF  REPRESENTATIVES 

COMMITTEE  ON  SCIENCE 

sum  2320  RAVBURN  HOUSE  OFFICE  BUILDING 

WASHINGTON.  OC  20S1$-C301 

(20J)  226-6371 

nsmK  SCCNCX*MLHOua  OOV 


January  18,  1996 


Dr.  Jerry  Mahlman 

Director,  Geophysical  Fluid  Dynamics  Lab 

National  Oceanic  and  Atmospheric  Admin. 

Forrestal  Campus  #308 

Princeton,  N.J.   08542 

Dear  Dr.  Mahlman- 

I  want  to  express  my  appreciation  for  your  participation  in  the  Committee's  recent 
bearing  on  Global  Change  modelling.  Your  testimony  was  of  great  value  to  me  and  to  the 
Committee. 

Enclosed,  you  will  fmd  some  additional  questions  which  are  intended  to  clarify  certain 
points  raised  in  the  hearing  and  develop  additional  information  for  the  Committee's  use.  Your 
written  reqmnses  will  be  included  as  part  of  the  hearing  record.  I  ask  that  you  provide  your 
responses  by  February  15.  You  may  contact  Dr.  William  S.  Smith  of  my  staff  at  202/225-4439 
if  you  have  any  questions  regarding  this  request. 

Once  again,  thank  you  for  your  assistance. 


GEORGE  E.  ^^WN,  JR. 
Ranking  Democratic  Member 


Enclosure 


1064 


ADDITIONAL  QUESTIONS  FOR  THE  RECORD 
FOR  DR  MAHLMAN 

1 .  During  the  cour'-f  of  the  hearing.  Dr.  Michaels  provided  a  chart  which  purported  to  show  that 
a  key  model  used  by  the  IPCC  did  not  provide  an  adequate  representation  of  temperature  data  in 
the  5,000-30,000  P  layer  gathered  by  satellites  over  the  past  20  yean.  Please  provide  your  own 
views  on  the  methrsdology  and  interpretation  used  in  this  chart  and  its  signifigance,  if  any,  to  the 
validity  of  IPCC  models     Some  points  you  may  wish  to  consider  include  the  following: 

a    !s  Dr  Michaels'  description  of  the  satellite  temperature  records  in  the  Southern 
Hemisphere  accurate? 

b    How  would  you  characterize  the  model  projections  of  temperature  changes  in  this 
part  of  the  atmosphere  versus  the  satellite  temperature  records  firom  the  Northern  and 
Southern  Hemispheres'' 

c.  Do  these  satellite  records  of  temperature  change  coincide  with  the  surface 
measurements  of  temperature  change^  Are  the  two  sets  of  records  inherently  difiTerent  or 
can  they  be  reconciled? 

d.  How  accurate  have  the  satellite  measurements  of  temperature  been  since  1979^ 
Have  they  L-nproved  over  time? 

2    Dr.  Michaels  Stated  that  there  is  an  even  greater  discrepancy  between  model  projections  of 
warming  and  obsetved  warming  in  the  Northern  Hemisphere  than  in  the  Southern.  He  further 
stated  that  these  climate  models  project  very  large  warming  in  the  polar  region,  yet  the  observed 
warming  has  been  only  slight  and  occurs  prior  to  1 940,  which  is  before  greenhouse  gas 
concentrations  changed  very  much.  Since  then,  there  has  been  very  little  observed  change, 
according  to  Dr  Michaels 

a    Would  you  agree  with  Dr.  Michaels  that  the  northern  latitude  warming  occurred 
before  1940,  before  the  greenhouse  effect  had  changed  very  much''  What  reasons  are 
proposed  for  these  latitudes  not  warming  during  recent  decades'* 

b    Is  the  temperature  record  that  Dr  Michaels  referred  to  complete  enough  for 
reliable  analysis? 

c.  Has  there  been  an  observed  wanning  in  the  northern  latitude  temperature  since 
'.940'' 

3 .  Dr  Michaels  stated  that  John  Mitchell's  new  climate  model  suggests  a  new,  lower  estimate  of 
climate  sensitivity  to  a  doubling  of  C02,  i.e.,  a  1 .0-1  S  degree  C  warming  as  opposed  to  the 
earlier  projection  of  1-4  degrees    Do  you  agree  with  this  assessment?  What  are  the  reasons  that 
the  IPCC  projections  of  global  warming  appear  to  have  come  down  somewhat'' 

4.  During  the  course  of  the  hearing.  Dr.  Michaels  provided  a  chart  which  purported  to  show  that 
all  of  the  temperarare  change  from  196$  to  1994  occurred  in  one  year,  a  feature  which  models 
cannot  predict    Please  provide  your  own  views  on  the  methodology  and  interpretation  used  in 
this  chart  and  its  significance,  if  any,  to  the  validity  of  climate  models  Some  points  you  may  wish 
to  consider  inchide  the  following: 
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a.  Do  you  agree  that  this  single  jump  explains  the  trend  in  the  entire  record,  or  is  this 
an  artifaa  of  the  method  used  to  present  the  data? 

b.  Is  it  reasonable  to  analyze  short  temperature  trends  over  unequal  and  very  short 
segments  of  time?  Are  such  analyses  statistically  valid? 

c.  Do  you  agree  with  Dr.  Michaels  assertion  that  unless  we  can  understand  thinp 
like  the  temperature  jumping  upward  in  1976  we  do  not  really  understand  this  entire 
climate  problem? 

5.  E>r  Michaels  testified  that  the  climate  models  most  heavily  cited  by  the  IPCC  1992 
supplementary  report  on  climate  change  were  known  to  contain  large  errors  at  the  time  of 
adoption  of  the  Framework  Convention  on  Climate  Change  and  that  such  errors  were  not 
disclosed  with  the  result  that  the  model's  uncertainties  were  not  considered  in  the  debate 
surrounding  this  issue.  Please  respond  to  this  statement. 

6.  Dr.  Michaels  testified  that  prior  climate  models  in  1990  projected  erroneously  high  estimates 
of  warming  because  computer  limitations  required  modelers  to  assume  that  carbon  dioxide 
concentrations  doubled  immediately,  instead  of  gradually.  Since  that  time,  models  have 
incorporated  a  gradual  increase  of  carbon  dioxide  concentrations.  What  differences  have  been 
seen  between  the  1990  model  projections  and  the  1992  projections  in  terms  of  the  range  of 
temperatures  projected  out  to  2100,  in  a  C02-doubled  world? 

7.  Dr  Michaels  testified  that  the  "so-called  skeptics'  have  been  saying  for  the  last  seven  years 
that  by  the  year  2100,  with  a  doubling  of  carbon  dioxide,  the  net  warmii^  would  be  1.0  to  l.S 
degrees  C.  a  smaller  increase  than  is  projected  by  early  climate  models. 

a.  What  was  the  quantiutive  basis  on  which  the  "skeptics"  based  such  projections  of  net 
warming,  prior  to  recent  modek  which  incorporate  the  offsetting  influence  of  aerosols? 

b    Did  the  "skeptics"  also  conduct  a  series  of  model  projections?  Have  the  skeptics  been 
able  to  construct  a  global  climate  model  that,  based  on  rigorous  parameterizadons, 
reproduces  their  projected  results? 

8.  In  response  to  a  question  fi'om  the  Chairman,  you  agreed  that  projections  are  based  on 
unvalidated  assumptions.  Is  there  any  scientific  procedure  to  "validate"  assumptions  about  the 
future''  If  not,  does  the  inability  to  scientifically  validate  such  assumptions  reitda-  such  them 
useless  for  the  purposes  of  making  projections?  Do  other  nK>dels  -  such  as  economic  models 
used  to  project  the  impact  of  fiscal  or  monetary  policy  —  rely  on  similar  unvalidated  assumptions? 
If  the  lack  of  scientifically  validated  assumptions  precludes  the  use  of  projections,  what  other 
tools  are  available  for  policy  makers  to  understand  and  weigh  the  future  consequences  of  policy 
options  on  complex  systems? 

9.  Dr  Michaels  testified  that  in  1992,  in  association  with  the  signing  of  the  Rio  Treaty,  Congress 
was  knowingly  misled  by  witnesses  who  withheld  information  regarding  known  errors  in  key 
models     Please  respond  to  this  statement. 
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10.  Several  witnesses  h&ve  alluded  to  critical  research  programs  needed  to  resolve  the  remaining 
uncertainties  in  the  globa'  warming  theory.  Please  comment  on  the  role  and  importance  of  the 
following  programs  and  pending  Congressional  proposals: 


PROGRAM 


PROPOSAL 


NOAA's  Climate  and  Global  Change 
Program 


Terminate  program  in  its  current  form  and 
restrict  all  NOAA  research  to  seasonal  and 
interannual  variability  (H.R.  2043) 


NOAA  High  Performance 
Computing  Program 


Terminate  program  (H.R.  2043) 


EPA  Global  Change  Research 


DOE  Biological  and  Environmental 
Research 


NASA  Mission  to  Planet  Earth 
Program 


Terminate  program  with  closeout  costs,  a 
reduction  of  $20  million  from  request  level 
of  S22  million  (H.R.  1814) 

Terminate  Marine  Transport  for  Ocean 
Margins  Program,  Ecosystem  Functioning 
and  Response  program,  Computer 
Hardware,  Advanced  Mathematics  and 
Model  Physics  Program,  Worid  Ocean 
Circulation  Experiment,  National  Institute 
for  Global  Environmental  Change,  and  freeze 
at  F.Y.  9S  levels  the  Atmospheric  Radiation 
Measurement  Program.  (H.R.  1816). 

Delay  indefinitely  the  PM  and  Chem 
platforms  of  the  Earth  Observing  System, 
terminate  the  TOPEX  FoUowon  mission. 
(H.R.  2043) 
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UNITED  STATES  DEPARTMENT  OF  COMMERCE 
National  Oceanic  and  Atmospheflc  Admlntetrailon/ERL 

GEOPHYSICAL  FLUID  DYNAMICS  LABORATORY 
Princeton  University 
Forrestal  Campus,  US  Route  1 
Post  Office  Box  308 
Princeton,  New  Jersey  08542 

PHONE:         609-452-6502 
FAX:  609-987-5070 

e-mail:  )m@gfdl.gov 

February  12,  1996    R/E/GF 


Hon.  George  E.  Brown,  Jr. 

U.S.  House  of  Representatives 

Committee  on  Science 

Suite  2320,  Raybum  House  Office  Building 

Wasliington,  DC  20515-6301 

ATTN:   Dr.  William  Smith 

Dear  Representative  Brown: 

Enclosed  are  my  responses  to  tlie  very  carefully  crafted  set  of  questions  you  posed  to 
me  in  your  letter  of  January  1 8,  1 996.  This  is  in  response  to  the  November  1 6,  1 995 
Hearing  on  Global  Change  Modeling. 

My  opinion  is  that  the  Issues  you  raise  In  the  submitted  questions  to  me  sre  of 
profound  policy  significance  for  the  United  States,  if  you  have  further  questions,  please  do 
not  hesitate  to  contact  me. 


Jerry  D.  Mahiman,  Director 


Enc. 
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ADDITIONAL  QUESTIONS  FOR  THE  RECORD 
FOR  DR.  MAHLMAN 

1 .  During  the  course  of  the  hearing.  Dr.  Michaels  provided  a  chart  which  purported  to  show  that 
a  key  model  used  by  the  IPCC  did  not  provide  an  adequate  representation  of  temperature  data  in 
the  5,000-30,000  ft  layer  gathered  by  satellites  over  the  past  20  years.  Please  provide  your  own 
views  on  the  methodology  and  interpretation  used  in  this  chart  and  its  signifigance,  if  any,  to  the 
validity  of  EPCC  models.    Some  points  you  may  wish  to  consider  include  the  following;  . 

a.  Is  Dr.  Michaels'  description  of  the  satellite  temperature  records  in  the  Southern 
Hemisphere  accurate? 

b.  How  would  you  charaaerize  the  model  projections  of  temperature  changes  in  this 
part  of  the  atmosphere  versus  the  satellite  temperature  records  from  the  Northern  and 
Southern  Hemispheres? 

c.  Do  these  satellite  records  of  temperature  change  comcide  with  the  surface 
measurements  of  temperature  change?  Are  the  two  sets  of  records  inherently  different  or 
can  they  be  reconciled? 

d.  How  accurate  have  the  satellite  measurements  of  temperature  been  since  1979'' 
Have  they  improved  over  time? 

2.  Dr.  Michaels  stated  that  there  is  an  even  greater  discrepancy  between  model  projections  of 
warming  and  observed  warming  in  the  Northern  Hemisphere  than  in  the  Southern.  He  further 
stated  that  these  climate  models  projea  very  large  warming  in  the  polar  region,  yet  the  observed 
warming  has  been  only  slight  and  occurs  prior  to  1940,  which  is  before  greenhouse  gas 
concentrations  changed  very  much.   Since  then,  there  has  been  very  little  observed  change, 
according  to  Dr.  Michaels. 

a.  Would  you  agree  with  Dr.  Michaels  that  the  northern  latitude  wanning  occurred 
before  1 940,  before  the  greenhouse  effect  had  changed  very  much?  What  reasons  are 
proposed  for  these  latitudes  not  warming  during  recent  decades? 

b.  Is  the  temperature  record  that  Dr.  Michaels  refened  to  complete  enough  for 
reliable  analysis? 

c.  Has  there  been  an  observed  warming  in  the  northern  latitude  temperature  since 
1940? 

3.  Dr.  Michaels  stated  that  John  Mitchell's  new  climate  model  suggests  a  new,  lower  estimate  of 
climate  sensitivity  to  a  doubling  of  C02,  i.e.,  a  1.0-1.5  degree  C  wanning  as  opposed  to  the 
earlier  projection  of  1-4  degrees    Do  you  agree  with  this  assessment?  What  are  the  reasons  that 
the  iPCC  projections  of  global  warming  appear  to  have  come  down  somewhat? 

4.  During  the  course  of  the  hearing.  Dr.  Michaels  provided  a  chart  which  purported  to  show  that 
all  of  the  temperature  change  from  1965  to  1994  occurted  in  one  year,  a  feature  which  models 
cannot  predict.  Please  provide  your  own  views  on  the  methodology  and  interpretation  used  in 
this  chart  and  its  significance,  if  any,  to  the  validity  of  climate  models.  Some  points  you  may  svish 
to  consider  include  the  following: 
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a.  Do  you  agree  that  this  single  jump  explains  the  trend  in  the  entire  record,  or  is  this 
an  artifact  of  the  method  used  to  present  the  data? 

b.  Is  it  reasonable  to  analyze  short  temperature  trends  over  unequal  and  very  short 
segments  of  time?  Are  such  analyses  statistically  valid? 

c.  Do  you  agree  with  Dr.  Michaels  assertion  that  unless  we  can  understand  things 
like  the  temperature  jumping  upward  in  1976  we  do  not  really  understand  this  entire 
climate  problem? 

5.  Dr.  Michaels  testified  that  the  clim.ate  models  most  heavily  cited  by  the  IPCC  1992 
supplementary  report  on  climate  change  were  known  to  contain  large  errors  at  the  time  of 
adoption  of  the  Framework  Convention  on  Climate  Change  and  that  such  errors  were  not 
disclosed  with  the  result  that  the  model's  uncertainties  were  not  considered  in  the  debate 
surrounding  this  issue.  Please  respond  to  this  statement. 

6.  Dr.  Michaels  testified  that  prior  climate  models  in  1990  projected  erroneously  high  estimates 
of  warming  because  computer  limitations  required  modelers  to  assume  that  carbon  dioxide 
concentrations  doubled  immediately,  instead  of  gradually.  Since  that  time,  models  have 
incorporated  a  gradual  increase  of  carbon  dioxide  concentrations.  What  differences  have  been 
seen  between  the  1990  model  projections  and  the  1992  projections  in  terms  of  the  range  of 
temperatures  projected  out  to  2100,  in  a  C02-doubIed  world? 

7..  Dr.  Michaels  testified  that  the  "so-called  skeptics"  have  been  saying  for  the  last  seven  years 
that  by  the  year  2100,  with  a  doubling  of  carbon  dioxide,  the  net  warming  would  be  1.0  to  1.5 
degrees  C,  a  smaller  increase  than  is  projected  by  early  climate  models. 

a    What  was  the  quantitative  basis  on  which  the  "skeptics"  based  such  projections  of  net 
warming,  prior  to  recent  models  which  incorporate  the  offsetting  influence  of  aerosols? 

b.   Did  the  "skeptics"  also  conduct  a  series  of  model  projections?  Have  the  skeptics  been 
able  to  construct  a  global  climate  model  that,  based  on  rigorous  parameterizations, 
reproduces  their  projected  results? 

8.  In  response  to  a  question  fi-om  the  Chairman,  you  agreed  that  projections  are  based  on 
unvalidated  assumptions.  Is  there  any  scientific  procedure  to  "validate"  assumptions  about  the 
fiiture''  If  not,  does  the  inability  to  scientifically  validate  such  assumptions  render  such  them 
useless  for  the  purposes  of  making  projections?  Do  other  models  —  such  as  economic  models 
used  to  project  the  impact  of  fiscal  or  monetary  policy  --  rely  on  similar  unvalidated  assumptions? 
If  the  lack  of  scientifically  validated  assumptions  precludes  the  use  of  projections,  what  other 
tools  are  available  for  policy  makers  to  understand  and  weigh  the  fijture  consequences  of  policy 
options  on  complex  systems? 

9.  Dr  Michaels  testified  that  in  1992,  in  association  with  the  signing  of  the  Rio  Treaty,  Congress 
was  knowingly  misled  by  witnesses  who  withheld  information  regarding  known  errors  in  key 
models     Please  respond  to  this  statement. 


1070 


1 0.  Several  witnesses  have  alluded  to  critical  research  programs  needed  to  resolve  the  remaining 
uncertainties  in  the  global  warming  theory.  Please  comment  on  the  role  and  importance  of  the 
following  programs  and  pending  Congressional  proposals: 


PROGRAM 


PROPOSAL 


NOAA's  Climate  and  Global  Change 
Program 


Terminate  program  in  its  current  form  and 
restrict  all  NOAA  research  to  seasonal  and 
interannual  variability  (H.R.  2043). 


NOAA  High  Performance 
Computing  Program 


Terminate  program  (H.R.  2043) 


EPA  Global  Change  Research 


Terminate  program  with  closeout  costs,  a 
reduction  of  $20  million  from  request  level 
of$22  million  (H.R.  1814) 


DOE  Biological  and  Environmental 
Research 


Terminate  Marine  Transport  for  Ocean 
Margins  Program,  Ecosystem  Functioning 
and  Response  program.  Computer 
Hardware,  Advanced  Mathematics  and 
Model  Physics  Program,  World  Ocean 
Circulation  Experiment,  National  Institute 
for  Global  Environmental  Change,  and  freeze 
at  F.Y.  95  levels  the  Atmospheric  Radiation 
Measurement  Program  (H.R.  1816). 


NASA  Mission  to  Planet  Earth 
Program 


Delay  indefinitely  the  PM  and  Chem 
platforms  of  the  Earth  Observing  System, 
terminate  the  TOPEX  Followon  mission. 
(H.R.  2043) 
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Fctmuiy  12,  1996 


U.S.  House  of  Representatives  Committee  on  Science 

November  1 6,  1 995  Hearing  on 

"Climate  Models  and  Projections  of  Potential 

Impacts  of  Global  Climate  Change" 

Additional  Questions  for  the  Record  for  Dr.  Mahlman  from  Rep.  George  E.  Brown,  ]r. 


Response  by  Dr.  Jerry  D.  Mahlman 

1 .  I  have  a  number  of  points  to  make  conceming  Patrick  Michael's  use  of  MSU  satellite 
temperature  trends  to  evaluate  global  wanning  model  calculations.  First,  the  answer  to 
Question  4  below  makes  it  clear  that  use  of  a  1 5-20  year  record  to  determine  temperature 
trends  is  an  extremely  dubious  process.  Even  if  all  other  things  are  equal,  the  natural 
variability  of  the  climate  makes  it  very  difficult,  if  not  impossible,  to  separate  natural 
variability  from  systematic  human-produced  trends  through  the  use  of  short  climate  records. 

All  other  things  are  not  equal.  The  nearly  20-year  MSU  temperature  record  contains 
a  number  of  factors  that  were  purposefully  not  considered  in  the  GFDL  climate  model  run 
that  Michaels  uses  for  comparison.  Most  importantly,  the  observed  temperatures  from  1 976- 
1 995  are  affected  by  a  number  of  complicating  factors  that  Include:  possible  problems  with 
the  MSU  data  set  (e.g.,  see  IPCC,  1990,  Sect,  7.6;  IPCC,  1992,  Sect.  3.3;  and  Hansen  et 
al.,  1995);  shortness  of  die  MSU  temperature  records;cIimate  response  to  previous 
warming/cooling  forcings;  a  cooling  offset  due  to  ozone  losses  in  the  stratosphere  and  upper 
troposphere;  episodic  cooling  offsets  due  to  massive  eruptions  of  the  EI  Chichon  and  Pinatubo 
volcanoes;  and  the  still-uncertain  cooling  offset  due  to  sulfate  aerosol  effects.  Finally,  the 
NOAA  Geophysical  Fluid  Dynamia  Laboratory  (GFDL)  climate  model  experiment  that 
Michaels  refers  to  (Manabe,  et  al.,  1991)  was  an  IPCC-recommended  idealized  calculation 
of  the  response  of  a  coupled  model  to  a  1  %  per  year  increase  of  COj  per  year  up  to  a 
doubling  over  pre-industrial  levels.  Such  a  model  experiment  Is  not  designed  to  mimic  a 
particular  data  set.  Oddly,  Michaels  does  not  even  set  the  zero  line  the  same  when  he  makes 
this  inappropriate  comparison  in  Figure  1  of  his  testimony.  Even  worse,  it  is  unthinkable  to 
do  so  for  a  20-year  record  when  considerable  natural  variations  of  climate  occur  on  1 0-30 
year  time  scales. 

The  bottom  line  is  that  there  is  no  logical  basis  for  a  direct  comparison  of  this  GFDL 
model  experiment  with  that  of  MSU  data  sets  or  any  other  data  set.  Because  of  these 
considerations,  my  answers  to  Question  1  a,  b,  and  c  are: 

a)  As  shown  above,  Michaels'  representation  of  the  MSU  data  set  is  Inappropriate  and 
misleading  as  an  index  of  global  climate  trends  for  comparison  to  model-calculated  trends. 
Thus,  a  claim  of  attribution  of  specific  aspects  of  Southern  Hemisphere  behavior,  if  anything, 
is  even  less  scientifically  radonal. 
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b)  As  stated  above,  the  20-year  satellite  record  Is  too  short  to  make  specific  attributions 
with  confidence.  Hansen  et  al.  ( 1 995)  have  performed  detailed  analyses  on  the  long-term 
temperature  monitoring  value  of  the  MSU  data,  while  Santer  et  al.  (1996)  have  carefully 
examined  the  relationship  of  observed  "trends"  vs.  model  predictions  that  Include  such 
complications  as  the  sulfate  aerosol  effect.  The  Santer  et  al.  ( 1 996)  work  reaches  a  much 
more  positive  conclusion  about  model  predictions  than  Implied  in  Michaels'  testimony. 
Unfortunately,  Michaels  does  not  yet  appear  to  have  published  his  conclusions  in  the 
scientific  literature.  This  makes  a  more  careful  analysis  of  his  reasoning  very  difficult. 

c)  There  are  Important  differences  among  the  "trends"  calculated  from  the  MSU  satellite 
data,  the  radiosonde  balloon  data,  and  the  surface  temperature  data  {Hansen  et  al.,  1 995). 
Some  of  the  differences  are  likely  real  because  different  things  are  being  measured,  but  other 
differences  appear  to  be  due  to  padioiogies  in  the  various  measurements,  or  In  the  data 
coverage.  Unraveling  this  sufficiendy  to  reconcile  differing  data  sets  is  very  hard  scientific 
work.  Using  uncertain  data  from  a  "short"  climate  record  to  compare  with  uncertain  models, 
remains  formidably  difficult,  and  perhaps  Impossible.  To  force  a  comparison  of  such  data 
with  a  model  experiment  unrelated  to  the  question  posed  is  nonsense. 

As  both  Michaels  and  I  stated  in  our  testimonies,  more  serious  attention  needs  to  be 
given  to  the  proper  monitoring  of  long-term  climate  change.  The  Impending  budget  cuts 
(Question  10)  may  already  have  rendered  the  needed  observation  system  improvements 
impossible.  The  irony  of  this  is  it  may  not  be  possible  to  properly  evaluate  model  predictions 
until  the  expeaed  climate  changes  are  disturbingly  large.  Thus,  indlrectiy,  even  more 
pressure  Is  being  placed  upon  the  validity  (or  lack  thereof)  of  the  climate  models  In  order  to 
compensate  for  the  increasingly  poor  quality  of  the  long  term  datasets. 

d)  My  view  Is  that  these  MSU  measurements  are  a  valuable  contributor  to  the  climate 
monitoring  problem.  Some  of  the  problems  have  been  identified  (e.g.,  see  Hansen  et 
al.,  1995),  but  the  MSU  is  far  from  a  perfect  InstrumenL  There  Is  no  such  thing.  Because 
all  measurements  are  imperfect,  we  leam  much  more  when  we  can  compare  them  with  other 
imperfect  systems,  such  as  the  radiosonde  balloon  record. 

2.  Michaels  seems  to  have  missed  the  point  that  finding  the  projections  of  large  polar 
warming  from  current  data  is  greatiy  complicated  by  the  fact  that  the  current  wamilng  signal 
is  expeaed  to  be  rather  small,  while  the  northem  polar  region  Is  dominated  by  large  decadal- 
scale  natural  variability.  This  is  a  bad  place  to  look  for  a  greenhouse  warming  "smoking  gun", 
or.  In  Michaels'  quest,  or  lack  tiiereof.  Even  the  Northem  Hemisphere  as  a  whole  almost 
certainly  has  sulfate  aerosol  cooling  offset  that  needs  to  be  quantified  carefully  before 
Michaels-type  assertions  can  be  property  evaluated. 

Answers  to  Questions  2a,  b,  and  c  are  as  follows: 

a)  G>nslderable  global  warming  did  occur  between  about  1910  to  1940,  wltii  a 
pronounced  warming  In  high  northem  latitudes.  The  situation  appears  a  bit  more 
complicated  In  recent  years.  Subsuntial  warming  has  occurred  over  Canada,  Alaska,  and 
Russia,  while  cooling  Is  apparent  over  tiie  Nortii  Atiantic.  Is  tills  an  anti-greenhouse  effect? 
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I  don't  think  so.  It  likely  Is  another  manifestation  of  a  system  that  exhibits  very  large  natural 
variability,  especially  so  In  high  northern  latitudes  and  the  North  Atlantic  region. 

b)  I  don't  think  the  MSU  data  are  good  enough  or  long  enough  to  warrant  the  kinds  of 
conclusions  that  Michaels  Is  reaching.  Qearly,  if  one  is  interested  in  using  climate  data  to 
reinforce  one's  preconceh/ed  notions,  recent  data  sets  v/ith  short  duration  and  significant 
measurement  uncertainties  can  provide  ample  ammunition.  Such  approaches,  however,  are 
the  very  opposite  of  sound  diagnostic  science. 

c)  As  indicated  in  the  response  to  Question  (a),  above,  the  observed  recent  warming 
happened  over  the  northern  high  latitude  continents.  Unfortunately,  for  the  reasons 
described  above,  a  simple  attribution  of  this  recent  warming  to  human  activities  remains 
highly  questionable. 

3.  No.  I  do  not  agree  with  Michaels'  statement. 

Michaels'  statement  appears  to  be  factually  incorrect  for  two  important  reasons.  First, 
Dr.  John  Mitchell's  calculations  indicate  that  the  measured  global  warming  to  date  is  generally 
consistent  with  a  climate  model  tiiat  calculates  a  2.5°C  warming  response  to  doubled  CO2, 
when  the  best  guess  value  for  the  current  sulfate  offset  is  included.  Second,  such  a  result, 
in  itself,  has  nothing  to  do  with  a  changed  sensitivity  to  doubled  CO2  in  his  model,  as 
incorrectiy  claimed  by  Michaels. 

The  sulfate  offset  of  greenhouse-gas  induced  warming  Is  the  reason  for  the  lowered 
IPCC  warming  projections.  Michaels  and  a  few  others  seem  to  think  that  a  cooling  offset 
somehow  lowers  the  sensitivity  of  the  climate  to  increased  greenhouse  gases.  I  cannot  find 
any  logic  in  such  an  assertion. 

4.  The  global-mean  surface  air  temperature  did  take  an  apparent  upward  "jump"  between 
1 976  and  1 977  as  stated  by  Michaels.  This  is  illustrated  in  Figure  I ,  taken  from  the  data 
set  of  Phii  Jones  et  al.,  which  shows  the  global-mean  surface  temperature  departure  from  the 
long-term  mean.  The  years  1 976  and  1 977  are  marked  with  asterisks.  Considerable  analysis 
has  been  performed  on  these  two  years  in  the  quest  to  explain  the  "Jump".  Suffice  it  to  say, 
jumps  of  this  magnitude  are  not  unexpected  in  a  climate  system  that  exhibits  considerable 
natural  variability  on  all  space  and  time  scales.  This  example  says  essentially  nothing  about 
long-term  climate  changes  in  response  to  altered  greenhouse  gases  or  sulfate  aerosols.  Also, 
this  kind  of  a  jump  can  and  does  occur  naturally  in  control  Integrations  of  climate  models, 
even  with  no  anthropogenic  effects  included. 

Although  considerable  sophisticated  analysis  has  been  performed  on  the  "bumps  and 
wiggles"  in  the  temperature  record  shown  in  Figure  1,  the  weakness  in  Michaels'  assertion  is 
readily  apparent  even  to  the  non-specialisL  Note  in  Figure  1  that  1976  was  a  strong 
downward  drop  from  previously  warmer  years,  while  1977  showed  a  strong  upward 
recovery.  Note  also,  that  In  the  more  than  1 00  years  record,  one-year  changes  ( +  and  -) 
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of  the  size  of  the  1976-1977  jump  are  not  highly  unusual.  Finally,  note  that  Michaels' 
assertion  of  no  warming  after  1 977  is  simply  incorrect 

Thus,  my  responses  to  Questions  4a,  b,  and  c  are: 

a)  No.  This  is  clearly  Incorrect  I  do  not  know  what  method,  If  any,  Michaels  used  to 
make  this  assertion. 

b)  No,  It  Is  not  reasonable  to  make  trend  estimates  from  short  records.  One  does  not 
need  fancy  statistics  to  expose  the  fallacy  of  such  an  assertion.  Inspection  of  Figure  1  shows 
that  a  10-  or  20-year  record  can  yield  highly  misleading  estimates  of  long-term  "trends". 

c)  No,  I  disagree.  Climate  models  themselves  simulate  such  jumps.  Simply  stated,  the 
climate  Is  a  highly  variable  and  "noisy"  system;  such  "noise"  has  to  be  carefully  removed 
before  solid  Inferences  about  long-term  trends  are  possible. 

5.  I  simply  do  not  accept  the  conspiratorial  tone  of  Michaels'  assertions  about  the  IPCC 
process.  First,  imperfections  In  the  models  are  widely  and  openly  acknowledged.  Indeed,  the 
IPCC  consensus  projections  on  expeaed  climate  change  in  response  to,  say,  changed 
greenhouse  gases  contains  rather  generous  error  matins.  Michaels'  assertion  of  a  virtual 
IPCC  cover  up  Is  totally  implausible,  given  the  very  open  style  of  the  process. 

Contrary  to  Michaels'  assertion,  giobal-scaie  features  In  the  leading  climate  models  are 
simulated  rather  well.  Many  smaller  details,  however,  exhibit  significant  disagreements  with 
climate  observations.  Those  problems  of  detail,  however,  do  not  seem  likely  to  be  the 
dominant  cause  of  error  in  the  climate  model  projections.  It  still  is  the  lai^e  uncertainty  In 
the  treatment  of  cloud  feedbacks  In  the  climate  system  that  dominates  the  current  generous 
error  estimates. 

6.  I  am  baffled  by  Michaels'  assertion  that  IPCC  1 990  did  not  consider  climate  change 
due  to  gradual  increases  in  COj,  but  focussed  solely  upon  equilibrium  responses  to  doubled 
COj  or  "switch  on"  doubling  COj  studies.  The  Execudve  Summary  of  Chapter  6  in  IPCC 
1 990  cleariy  stated  that  gradual  CO2  Increases  slow  the  warming  rate  relative  to  a  "switch 
on"  doubling  of  CO^.  More  importantly,  IPCC  states  that  considerable  warming  Is  expected 
to  take  place  for  an  additional  20  years  after  CO2  levels  off,  and  that  the  final  realized 
warming  could  take  additional  centuries.  The  "erroneously  high  estimates"  thus  seem  to  be, 
at  best,  a  serious  scientific  misunderstanding  on  Michaels'  part  Perhaps  he  Is  Implicitly 
Including  the  more  recently  Included  sulfate  aerosol  offset  In  his  argument.  It  Is  true  that,  at 
the  time  of  IPCC  1 990,  the  role  of  anthropogenic  sulfate  aerosols  In  providing  a  cooling 
offset  had  not  yet  been  fiilly  developed.  (Later  in  the  21st  century,  all  projections  show 
aerosol  offcets  being  overwhelmed  by  high  COj  levels.) 
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7.  It  is  not  easy  to  answer  this  question  directly.  Unfortunately,  almost  none  of  tlie 
"slceptics"'  assertions  about  low  climate  sensitivity  to  increased  greenhouse  gases  have 
appeared  in  the  open  literature.  Given  below  is  my  best  attempt  to  decipher  their  assertions. 

(i)  SKEPTICS'  ASSERTION:  "The  models  are  imperfect,  so  their  projections  are  lilcely 
to  be  overestimated".  Truth:  The  best  estimates  that  scientists  make  are  designed  to  equalize 
the  odds  that  their  best  guess  is  either  too  high  or  too  low, 

(il)  SKEPTICS'  ASSERTION:  "The  climate  system  is  resilient  and  resistant;  thus  the 
effects  of  human  beings  are  lil(ely  to  be  very  small."  Truth:  The  infrared  absorption 
properties  of  the  greenhouse  gases  being  added  to  the  earth's  atmosphere  are  very  well 
known  and  show  that  significant  perturbations  of  the  climate  are  likely.  The  above  assertion 
is  thus  not  based  upon  quantitative  scientific  reasoning. 

(ill)  SKEPTICS'  ASSERTION:  "Water  vapor  will  provide  a  strong  negative  feedback  In  the 
upper  troposphere,  thus  lowering  the  climate's  sensitivity  to  increased  CO2".  This  hypothesis, 
offered  in  different  forms  and  in  informal  media  by  Richard  Lindzen,  has  a  physically  plausible 
argument  behind  it  and  is  partially  testable  with  real  atmospheric  data.  Essentially,  the 
hypothesis  Is  that  greenhouse  warming  of  the  earth's  surface  may  introduce  more  deep 
convection  which  could  have  the  effect  of  dryine  out  the  upper  troposphere,  if  this 
hypothesis  effect  were  proven  to  be  real,  it  would  have  the  important  effect  of  reducing  the 
sensitivity  of  climate  to  increased  CO^. 

Unfortunately,  all  available  observational  tests  to  date  refute  this  hypothesis. 
Whenever  convection  occurs  in  an  area,  whether  on  weather,  seasonal,  or  El  Nino  time 
scales,  the  effect  observed  Is  a  moistening  of  the  upper  troposphere.  These  tests  agree,  in 
essence,  with  the  climate  model  results,  thus  increasing  confidence  In  their  predictions  of  an 
amplifying  water  vapor  feedback  on  the  climate  sensitivity. 

(iv)  SKEPTICS'  ASSERTION:  "The  observed  warming  over  the  past  century  appears  to 
be  less  than  what  a  climate  model  would  predia  based  upon  the  use  of  greenhouse  gases". 
The  recent  realization  of  a  significant  sulfate  aerosol  offset  blunts  that  argument  considerably. 
Unfortunately,  it  does  not  yet  provide  high  confidence  on  my  part  that  the  remaining 
uncertainties  In  the  models'  climate  sensitivities  have  been  quantified. 

Thus,  the  answers  to  Questions  7a,  and  b  are: 

a)  There  was  a  semi-quantitative  basis  for  Lindzen's  hypothesis,  at  least,  even  though  It 
has  now  been  essentially  refuted.  The  other  arguments  appear  to  have  no  intrinsic  scientific 
merit 

b)  No.     No. 

8.  I  do  agree  with  Chairman  Rohrabacher  that  the  greenhouse  gas  projections  are  based 
upon  unvaildated  assumptions  about  the  future.  They  are  based  upon  unvalidated 
assumptions  about,  for  example,  population  growth,  policy  decisions  about  fossil  fuel  use, 
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maintenance  of  CFC  phaseout  protocols,  and  coal  use  in  deveioping  countries.  All  of  these 
are  highly  uncertain. 

However,  the  IPCC  projections  (such  as  IS92a)  are  based  upon  rather  simple 
extrapolations  of  current  practices  and  protocols.  To  have  these  current  projections 
eventually  be  identified  as  highly  inaccurate  sociological  predictions,  would  require  substantial 
policy  changes,  presumably  In  response  to  climate  change  calculations.  Thus,  the 
"projections"  vs.  predictions  argument  becomes  circular. 

A  major  truth  to  retain  here  is  that  substantial  change  In  fossil  fuel  emissions  is 
required  over  the  next  half  century  to  keep  the  atmospheric  CO^  from  reaching  a  tripling 
over  preindustrial  levels.  At  even  conservative  estimates,  a  CO2  tripling  would  produce 
climate  changes  that  are  substantial  by  any  measure. 

9.  I  cannot  find  a  statement  in  the  Michaels'  testimony  that  "Congress  was  Icnowingly 
misled  by  witnesses  who  withheld  information  regarding  known  errors  in  key  models". 
Rather,  Michaels'  (Page  30)  assertion  seems  to  be  that  the  modelers  secretiy  knew  that  the 
observed  trends  were  already  inconsistent  with  the  model  projections.  Michaels'  perception 
of  the  inconsistencies  are  apparentiy  based  upon  his  conspicuously  flawed  comparison  of  a 
GFDL  idealized  COj  warming  scenario  with  the  record  from  the  MSU  satellite  data  over  the 
past  20  years  (see  Question  1 ). 

The  answers  to  Questions  1  and  2  demonstrate  the  fallacy  in  comparing  an  idealized 
climate  model  calculation  to  a  short  record  that  has  its  own  (different)  natural  variability  than 
that  of  the  model,  plus  the  confusing  and  (cooling)  offsetting  effects  of  ozone  losses,  two 
major  volcano  eruptions  (El  Chichon  and  Pinatubo),  and  sulfate  aerosols. 

I  thus  see  Michaels'  self-created  straw  man  being  beaten  dovm  with  great  theatrical 
flare.  Is  this  good  science?  No.  A  good  debating  tactic?  Certainly.  Relevant  to  genuine 
policy  debates  on  a  vital,  but  vexing  problem?  Not  If  sound  logic  still  is  to  serve  as  the  basis 
for  scientific  assessments. 

1 0.  I  have  commented  in  my  testimony  about  the  central  need  to  sustain  critical  research 
programs  In  pursuit  of  reducing  uncertainties  in  global  warming  theory  and  modeling. 
Inflammatory  Congressional  language  conceming  global  warming  research  has  already 
encouraged  some  federal  agencies  to  downplay  their  long-term  climate  research.  Just  to  avoid 
having  their  "climate  head"  being  chopped  off"  Indiscriminately.  I  consider  diis  to  be  a  major 
negative  consequence  of  the  recent  budget  debates.  Also,  in  my  opinion,  an  arbitrary 
separation  of  seasonal-interannual  and  long-term  climate  science  is  fundamentally  illogical,  and 
Indefensibly  so  when  mandated  by  Congress.  The  truth  Is  that  these  two  time  scales  are 
virtually  inseparable  from  a  climate  research  perspective. 

I  am  not  quallfled  to  comment  on  all  parts  of  the  listed  federal  programs.  My 
perspectives  on  those  parts  I  do  understand  are  listed  below: 
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PROGRAM:  PROPOSAL: 

NOAA's  Climate  fit  Global  Change  Program  Terminate  ...  (H.R.2043) 

Fortunately,  in  tfie  final  House-Senate  budget  conference,  "terminate"  has  been 
softened  to  a  "vicious  cut".  Even  though  the  final  House-Senate  conference  now  properly 
says  "to  continue  the  basic  Climate  and  Global  Change  Program",  much  damage  has  already 
been  done,  in  my  opinion.  There  has  already  been  a  major  shift  of  climate  funds  into 
seasonal-interannual  research.  Critical  aspects  of  global  wanning  research  have  thus  already 
been  severely  damaged  due  to  this  misguided  message.  Key  examples  include  research 
projects  on:  proper  modeling  of  cloud-radiation  feedbaci(;  determination  of  sulfate  aerosol 
forcing  effects  on  climate;  and  understanding  of  the  ocean's  role  In  long-term  climate 
variability.  As  noted  eariier,  these  are  the  three  key  areas  Impeding  progress  in  improving 
models  projection  of  climate  change.  Is  this  what  the  House  Science  Committee  has  in  mind? 
if  so,  explanations  of  the  reasoning  behind  such  thinking  should  be  made  clear  to  us  recipients 
of  such  baffiing  advice. 

PROGRAM  PROPOSAL 

NOAA  High  Performance  Computing  and  Terminate  ...(H.R.2043) 

Communication  Program 

About  half  of  NOAA's  $5.5M  program  under  HPCC  currentiy  comes  to  the 
Geophysical  Fluid  Dynamics  Laboratory,  which  I  direct.  This  initiative  was  approved  in  FY- 
1 995  to  install  a  competitively  procured  supercomputer  to  further  our  worid  leading  research 
on  global  warming,  climate  theory,  seasonal-interannual  prediction,  weather  forecasting,  and 
hurricane  forecasting. 

A  decision  to  terminate  NOAA's  HPCC  funds  would  literally  be  a  decision  to  default 
on  a  major  supercomputer  contract  and  to  default  on  a  carefully  evaluated  government 
commitment  to  conduct  key,  worid-leading  research  on  problems  of  major  national  and 
intemational  significance. 

Again,  I  would  very  much  like  to  see  the  reasoning,  if  any,  behind  such  an 
incomprehensible  proposal. 

PROGRAM  PROPOSAL 

DOE  Biological  and  Environmental  Terminate  ...  (H.R.  1816) 

Research 

The  DOE  CHAMMP  and  WOCE  programs  have  made  important  advances  in  key 
aspects  of  the  climate  problem.  A  termination  decision  should  be  made  only  after  very 
considerable  examination  and  deliberation.  The  DOE  ARM  program  occupies  a  central 
position  in  the  creation  of  vital  measurements  to  pin  down  better  the  roles  of  clouds  in  the 
climate  system.  Level  funding  might  be  sufficient  in  these  difficult  times;  only  careful 
examination  can  answer  this  property. 


1078 


PROGRAM  PROPOSAL 

NASA  Mission  to  Planet  Earth  Delay  ...(H.R,  2043) 

The  NASA  Mission  to  Planet  Earth's  MTPE  EOS  (Earth  Observing  System)  program 
has  already  been  re-scoped  and  downsized,  largely  because  of  a  valid  perception  that  the 
program  was  too  large  and  cumbersome.  Unfortunately,  further  downsizing  Is  now  removing 
critical  parts  of  the  system.  I  am  seriously  concemed,  moreover,  that  the  fraction  of  MTPE's 
budget  devoted  to  careful  research  on  climate  and  earth  system  processes  has  been  sharply 
reduced.  Since  I  serve  as  Chair  of  MTPE's  Earth  System  Science  and  Applicadons 
Committee,  I  have  expressed  my  deep  concerns  about  the  flawed  logic  behind  reducing 
research  in  order  to  sustain  spacebased  satellite  hardware,  in  effea,  this  is  a  decision  to 
ensure  that  the  investment  In  key  satellite  measurements  will  not  yield  the  needed  dividends 
of  required  knowledge. 

"11."  PERSONAL  COMMENTS:  The  Role  of  Climate  Science  in  die  Policy  Arena. 

These  submitted  questions  and  my  answers  to  them  may  tend  to  create  an  Impression 
that  this  is  an  exercise  of  "mainstream"  scientists  responding  to  points  of  genuine  sdendfic 
disagreement  brought  forth  by  "skeptic"  scientists.  I  wish  to  point  out  that  such  an 
Impression  would  be  very  far  from  the  real  truth. 

If  a  member  of  Congress  were  to  attend  a  genuine  sclendflc  conference  on  climate 

change  theory,  measurement,  and  modeling,  he  or  she  would  find  It  to  be  quite  a  duH 

experience.  Where  are  all  those  passionate  and  shoudng  people?  Not  at  such  a  conference. 

Disagreements  under  discussion  would  be  on  reladve  esoterica,  certainly  not  on  most  of  the 

points  under  discussion  here  or  in  the  Committee  Hearing  on  November  16,  1995. 

Such  a  group  of  climate  scientists  would  have  litde  difficulty  agreeing  on  some  basic 
points  about  the  greenhouse  problem  and  its  sociology  that  consume  much  of  time  spent  on 
the  "public  debate".  They  would  almost  certainly  agree: 

a)  That  adding  greenhouse  gases  to  the  atmosphere  acts  to  heat  up  the  planet 

b)  That  the  detailed  climate  response  to  such  added  gases  is  going  to  be  messy,  and  that 
Important  uncertainties  remain. 

c)  That  current  leading  uncerulnties  in  how  the  climate  would  respond  to  human 
Influences  are  mainly  due  to  complications  In  modeling  clouds,  aerosols,  and 
ocean  effects. 

d)  That  humans  are  putting  COj  Into  the  atmosphere  at  a  rate  sufficient  to  expea  sharp 
Increases  over  the  next  century  -  perhaps  to  a  tripling  above  preindustrial  levels 
without  significant  mitigative  policies. 

e)  That  it  is  logical  to  ask  if  critical  tests  of  the  climate  model  projections  can  be 
found  in  today's  climate  data. 

f)  That  the  use  of  climate  records  to  date  for  evaluating  the  credibility  of  climate  model 
greenhouse  warming  predictions  remains  problematic  This  is  so,  even  though  the 
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climate  has  warmed  about  0.5°C  over  the  past  century  and  that  added  greenhouse 

gases  quite  iilcely  would  "explain"  a  portion  of  that  warming, 
g)        That  there  would  be  considerable  disagreement  on  what  portion  of  that  O.S'C 

warming  Is  "greenhouse  explainable"?  50%?  100%?  150%? 
h)        That  high  levels  of  agreement  would  be  reached  on  the  legitimate  sources  of 

disagreement.  The  key  contenders  would  be  Identified  as:  measurement  uncertainty; 

natural  variability;  shortness  of  records;  and  poor  ability  to  quantify  other  climate 

change  forcing  factors,  such  as  sulfate  aerosols. 

A  group  of  social  scientists  who  deal  with  the  possible  impacts  of  Climate  Qiange  would  have 
litde  difficulty  agreeing: 

a)  That  difficulties  of  mitigating  such  effects  are  formidable;  the  potential  impacts  of  not 
mitigating  COj  emissions  are  iilcely  to  be  very  daunting  In  the  long  term. 

b)  How  such  a  global  wamiing  would  affect  life  on  earth  remains  uncertain  and 
problematic,  but  certainly  worrisome. 

c)  That  the  "do  much"  vs.  "do  little"  policy  dilemma  Is  putting  considerable  pressure  on 
the  science  community  to  provide  sharper  answers  soon  about  how  the  climate  Is 
nicely  to  change. 

d)  That  it  Is  reasonable  for  policymakers  to  ask  If  the  model  projections  are  good  enough 
to  guide  major  policy  decisions  (to  either  mitigate  or  to  ignore). 

Because  almost  all  serious  climate  scientists  would  agree  on  the  first  list  of  key  points, 
why  then  are  the  policy  and  public  debates  so  intense?  Here  are  my  answers  to  this  question: 

a)  We  start  by  noting  that  the  first  "we  climate  scientists  all  agree"  list  is  not  controversial 
among  climate  scientists. 

b)  People  have  a  wide  variety  of  agendas  and  personal  biases  that  have  iittie  to  do  with 
the  state  of  the  science.  Some  would  wish  to  protea  the  environment  at  all  costs, 
thus  strongly  favoring  a  "mitigate  now"  stance.  This  type  of  position  seems  inclined 
to  exaggerate  the  sense  of  confidence  in  greenhouse  warming  science.  Others  would 
wish  to  protect  the  economy  and  the  status  quo  at  all  costs,  thus  strongly  favoring  a 
"do  Iittie"  stance.  This  "do  Iittie"  position  seems  inclined  to  minimize  the  confidence 
in  greenhouse  warming  science. 

c)  Thus,  one  extreme  seeks  to  overstate  the  level  of  scientific  confidence,  while  the  other 
extreme  seeks  to  understate  the  confidence. 

d)  Real  scientific  uncertainty  "just  Is".  It  has  neither  ideology  or  willful  bias.  It  should 
not  be  manipuiable  because  scientists'  "best  guesses"  are  designed  to  split  the 
difference  between  erring  on  the  high  side  and  erring  on  the  low  side. 
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e)  The  media  exag^rate  the  seme  of  controversy;  this  Is  because  conflict  Is  always  much 
more  "newsy"  than  consensus  or  progress. 

0  Finally,  Congressional  hearings  tend  to  exaggerate  the  sense  of  controversy  because 
most  of  the  time  Is  spent  buttressing  positions,  rather  than  seeking  Information. 
Fortunately,  there  are  Important  exceptions  to  this,  in  the  House  Science  Committee, 
and  elsewhere  In  Congress. 

In  normal  times,  the  ardflclal  Intensity  of  the  public  debates  does  neither  much  harm 
nor  good.  Unfortunately,  these  do  not  appear  to  be  normal  dmes. 

When  the  seeking  of  proper  and  reliable  scientific  information  about  the  present  and 
future  state  of  the  environment  is  regarded  as  "tainted  science",  something  disturbingly 
dysfunctional  Is  going  on.  Why? 

Why  Is  Improved  Information  reprded  as  being  so  threatening  that  the  very  creadon 
of  that  Information  must  be  sharply  reduced  or  even  eliminated?  Is  the  goal  to  have  the 
United  States  depend  on  other  countries  for  its  scientific  assessments?  As  a  participant  In  the 
production  of  non-Ideological  scientific  Information  that  has  already  demonstrated  an 
enormous  societal  value,  I  find  these  trends  deeply  distressing.  I  fear  for  the  future  of  our 
country's  worid-leading  science  and  I  fear  for  a  United  States  that  allows  such  "thinking"  to 
serve  as  a  substitute  for  real  leadership. 


Jerry  D.  Mahiman 
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Figure  I :  Plot  of  Annual-Mean,  Global-Mean  Surface  Air 
Temperature  from  1855  to  1990. 
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U.S.  HOUSE  OF  REPRESENTATIVES 

COMMITTEE  ON  SCIENCE 

SUITE  2320  RAYBURN  HOUSE  OFFICE  BUILDING 

WASHINGTON.  DC  20S1S-S301 

12021  22&-6371 

Itunm:  SOCNCf«H*J«U«.OOV 


January  18,  1996 


Prof.  Patrick  Michaels 
.Assistant  Professor 
Dq>t.  of  Enviroiunental  Science 
University  of  Virginia 
Charlottesville,  VA  22903 

Dear  Professor  Michaels: 

I  want  to  express  my  appreciation  for  your  participatioD  in  the  Committee's  recent 
hearing  on  Global  Change  modelling.  Your  testimony  was  of  great  value  to  me  and  to  the 
Committee. 

Enclosed,  you  will  find  some  additional  questions  which  are  intended  to  clarify  certain 
points  raised  in  the  hearing  and  develc^  additional  information  for  the  Committee's  use.  Your 
written  responses  will  be  included  as  part  of  the  hearing  record.  I  ask  that  you  provide  your 
responses  by  February  IS.  You  may  contact  Dr.  William  S.  Smith  of  my  staff  at  202/223-4439 
if  you  have  any  questions  regaixling  this  request. 

Once  again,  thank  you  for  your  assistance. 

Sincerely, 


Enclosure 


23-558    96-35 
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ADDITIONAL  QUESTIONS  FOR  THE  RECORD 
FOR  DR  MICHAELS 

1.  During  the  course  of  the  hearing  it  was  stated  that  'skeptics'  of  global  warming  have  not 
previously  been  afforded  an  adequate  opportunity  to  present  their  views  to  the  Committee  on 
Science. 

a.  Have  you  ever  previously  testified  before  the  Committee  (or  any  of  its  subcommittees) 
on  the  issue  of  global  wanning?    If  so,  please  indicate  in  your  response  the  date  of  the 
hearing,  the  list  of  witnesses  heard,  the  order  in  which  they  appeared,  and  whether  you 
appeared  as  part  of  a  panel  or  as  an  individual  witness.  Have  you  ever  made  a  request  to 
testify  or  to  provide  written  testimony  to  the  Committee  which  has  been  denied?  If  so, 
please  provide  a  detailed  description  of  such  circumstances. 

b.  Are  you  aware  of  any  other  occasion  in  which  a  request  of  a  'skeptic'  of  global 
warming  to  provide  written  or  oral  testimony  to  the  Committee  was  denied?  If  so,  please 
provide  a  detailed  description  of  such  occasion. 

2.  R  was  stated  during  the  course  of  the  hearing  that  global  surface  wamiing  of  0  3  to  0.6  degree 
C.  over  the  past  century  is  virtually  certain,  and  that  there  is  a  scientific  consensus  that  such 
warming  has  been  observed. 

a.  Do  you  believe  that  such  a  consensus  exists? 

b.  Do  you  personally  believe  that  warming  of  this  magnitude  has  occurred? 

c.  Do  you  believe  that  a  credible  hypothesis  other  than  human  influence  (including  but  not 
limited  to  greenhouse  warming  coupled  with  aerosol  effects  and  ozone  depletion)  exists 
to  explain  such  a  warming  trend?  Can  you  provide  a  substantive  documentation  of  such 
an  ahemative  hypothesis?  Is  such  an  ahemative  hypothesis  testable? 

3.  You  stated  in  your  testimony  that  the  'so-called  skeptics'  have  been  saying  for  the  last  seven 
years  that  by  the  year  2100,  with  a  doubling  of  carbon  dioxide,  the  net  wanning  would  be  1 .0  to 
l.S  degrees  C,  a  smaOer  increase  than  is  projected  by  early  climate  models. 

a.  What  WIS  the  quantiutive  basis  on  which  the  "skeptics"  based  Aich  projections  of  net 
warming,  prior  to  recem  models  which  incorporate  the  offsetting  influence  of  aerosols? 

b.  Did  the  "skeptics"  also  conduct  a  series  of  model  projections?  Have  the  skeptics  been 
able  to  construa  a  global  climate  model  that,  based  on  rigorous  param^erizations, 
reproduces  their  projected  results? 

4.  As  part  of  your  testimony  you  presented  a  view  graph  showing  a  purported  disparity  between 
satellite  dau  on  hemispheric  temperatures  in  the  S,000-30,000  ft  layer  and  a  key  model  used  by 
the  IPCC 
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a.  Please  provide  a  complete  description  of  how  the  model  data  was  developed  and  the 
specific  sources  of  the  data  shown.  Is  this  observational  data  and  model  generated  data 
generally  available  to  the  public? 

b.  Were  these  data  and  the  accompanying  analysis  submitted  as  a  contribution  to  the 
IPCC  for  consideration  in  its  Second  Assessment?    If  so,  what  was  the  IPCC's  assessment 
of  it,  if  any? 

5.  During  the  course  of  the  hearing,  you  provided  a  chart  which  purported  to  show  that  all  of  the 
temperature  change  fi'om  196S  to  1994  occurred  in  one  year,  a  feature  which  models  cannot 
predict.  Please  provide  a  hard  copy  of  this  chart. 

a.  Please  provide  a  complete  description  ofthe  specific  sources  ofthe  data  shown.  Are 
these  dau  generally  available  to  the  public? 

b.  Was  this  data  nude  available  to  the  IPCC?  If  so,  what  was  the  IPCC's  assessment  of  it, 
if  any? 

6.  You  testified  that  in  1992,  in  association  with  the  signing  ofthe  Rio  Treaty,  Congress  was 
knowingly  misled  by  witnesses  who  withheld  information  regarding  known  errors  in  key  models. 
Please  substantiate  this  allegation,  including  references  to  specific  witnesses,  hearings,  and 
statements  made  to  Congress. 

7.  The  IPCC  assessments  acknowledge  that  there  remain  significant  scientific  uncertainties  about 
the  magnitude  and  extent  of  warming.    Further  research  is  likely  to  reduce  those  uncertainties.  Is 
the  question  of  how  much  scientific  information  (or  the  certainty  thereoO  is  sufficient  to  justify  a 
particular  policy  response  a  policy  question,  or  a  scientific  question?  In  other  words,  does  science 
require  there  to  be  some  specific  level  of  confidence  in  data  or  some  particular  level  of  scientific 
certainty  before  a  policy  response  can  be  undertaken? 

8.  Please  provide  as  a  part  of  your  response  copies  of  all  correspondence  and  documents  related 
to  your  attempt  to  obtain  data  relating  to  the  Mhchell  model. 

9.  Several  witnesses  have  aUuded  to  critical  research  programs  needed  to  resolve  the  remaining 
urtcertainties  in  the  global  warming  theory.  Please  comment  on  the  role  and  importance  ofthe 
following  programs  and  pending  Congressional  proposals: 

BEQSEAM  PROPOSAL 

NOAA's  Climate  and  Global  Change  Terminate  program  in  its  current  form  and 

Program  restrict  all  NOAA  research  to  seasonal  and 

interannual  variability  (H  R.  2043). 
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NOAA  High  Performance 
Computing  Program 


Terminate  program  (H  R.  2043) 


EPA  Global  Change  Research 


DOE  Biological  and  Environmental 
Research 


NASA  Mission  to  Planet  Earth 
Program 


Terminate  program  with  closeout  costs,  a 
reduction  of  S20  million  from  request  level 
of  $22  million  (H.R.  1814) 

Terminate  Marine  Transport  for  Ocean 
Margins  Program,  Ecosystem  Functioning 
and  Response  program.  Computer 
Hardware,  Advanced  Mathematics  and 
Model  Physics  Program,  World  Ocean 
Circulation  Experiment,  National  Institute 
for  Global  Environmental  Change,  and  freeze 
at  F.Y  9S  levels  the  Atmospheric  Radiation 
Measurement  Program.  (H.R  1816). 

Delay  indefiritdy  the  PM  and  Chem 
platforms  of  the  Earth  Observing  System, 
terminate  the  TOPEX  FoUowon  mission. 
(HtL  2043) 
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Department  of  Environmental  Sciences 

Clark  Hall       .       UNivtRSiT>  of  Virginia       .       CHARLOTTESViLLt.       .       Virginia       .       22903 
Fax  #  (804)  982-2137  (804)924-7761 


MEMORANDUM 
February  14,  1996 

To 


The  Hon.  George  E,iBrown 
From:  Patrick  J.  Mu>Haels,  Professor  of  Environmental  Sciences 


RE:  Answers  to  questions. 


la.  I  testified  before  Subcommitee  on  the  Natural  Resources,  Agriculture,  and 
Environment  in  May,  1992,  as  part  of  a  panel  on  Global  Warming.  I  do  not  recall  any 
other  members  on  the  panel  except  Lester  Lave  of  Carnegie-Mellon  Uruversity.  I  do  not 
recaU  whether  or  not  I  have  otherwise  requested  testimony  before  the  Committee  and  what 
any  response  might  have  been. 

lb.  I  have  not  actively  researched  this  area  and  therefore  can  provide  no  informative 
answer. 

2a.  Such  a  consensus  exists.  However,  members  of  that  consensus  may  also  believe,  as  I 
do,  that  some  of  the  warming  at  the  end  of  the  land-based  record  must  be  spurious  because 
of  comparisons  with  the  MSU  satellite  data,  and  that  the  true  warming  is  likely  to  be  less 
than  0.6°C. 

2c.  Of  course.  Much  of  the  warming,  particularly  in  the  Northern  Hemisphere,  took  place 
before  there  was  much  of  a  greenhouse  enhancement.  Therefore  at  least  half  of  the 
wanning  was  not  anthropogenerated.  That  leaves  a  remaining  0.15-0.3°C  as  possibly 
anthropogenerated,  a  number  drastically  beneath  any  projection,  exceeding  by  an  order  of 
magnitude  the  value  that  should  have  been  observed  according  the  models  specifically 
cited  as  the  scientific  basis  for  the  Framework  Convention  in  1992.  That  hypothesis  is 
eminently  testable:  nature  already  ran  the  experiment  by  warming  the  temperature  at  least 
0.3°C  before  1935  with  very  little  change  in  the  greenhouse  effect.  One  cannot  be  more 
substantive  than  the  facts. 

3.  See  page  246  of  the  IPCC  1990  report.  Almost  all  the  fits  show  the  most  likely 
wanning  at  just  under  1.5°C  for  a  doubling. 

More  importantly,  one  can  "bootstrap"  a  calculation  based  upon  the  existing  models.  The 
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suite  of  transient  (non  sulfate)  models  that  were  cited  heavily  in  IPCC  1992  indicate 
roughly  three  times  as  much  warming  should  have  already  occurred  as  has  been  observed. 
If  you  are  skeptical  about  this  because  I  said  it,  please  see  a  very  recent  paper  by  Mitchell, 
1995  (1)  which  states  the  very  same.The  mean  wanning,  for  example,  in  the  Manabe  et 
al.,  1991  (2)  model  is  4.5°C  for  a  doubling.  At  any  rate,  the  magnitude  error  in  the 
transient  models  has  been  remarkably  consistent  through  recent  decades-about  3  times  as 
much  as  the  observed  warming--so  that  1/3  of  4.5  gives  1.5°C,  with  a  small  amount 
ah-eady  accounted  for  by  greenhouse  changes.  That  leaves  between  1.0-1.5°C,  which  I 
have  maintained  to  be  most  likely  for  nearly  a  decade  now.  It  is  interesting  to  see  the 
"consensus"  continually  moving  in  that  direction.  Indeed,  the  Mitchell  et  al.  model  that 
IPCC  1995  states  provides  the  best  fit  of  the  recent  record  only  has  1.3°C  remaining  for  a 
doubhng-exactly  the  amount  one  gets  either  by  empirical  fit  or  by  factoring  in  observed 
model  error.  It  frankly  does  not  surprise  me  that  predictions  ultimately  become  reconciled 
with  reality. 

3b.  One  needs  merely  to  parameterize  the  failure  rate  of  other  models  and  to  examine  the 
observed  data  in  order  to  make  the  estimate  noted  above.  What  philosophical  dictate  says 
that  a  first-principal  model  is  required  when  so  many  sources  of  data-ground  based, 
radiosonde,  and  satellite-show  the  earlier  projections  all  to  be  off  by  the  same  factor? 

As  an  example  of  the  robustness  of  my  position  with  respect  to  the  amount  of  warming,  I 
am  appending  ray  first  Congressional  testimony,  made  over  7  years  ago.  In  it  you  will  see 
many  of  the  predictions  about  model  disparities  and  future  calculations  that  have  now 
become  "mainstream". 

4a.  The  satellite  data  are  the  MSU  data,  readily  available.  The  modelled  result  is  the 
transient  coupled-ocean  atmosphere  model  of  Manabe  et  al,  1992  (2).  The  temperature 
changes  it  projects  are  those  specific  to  the  observed  concentrations  of  greenhouse  gases 
from  1979  through  the  present.  The  Manabe  model  reaches  these  concentrations  roughly 
35  years  after  it  starts  because  it  increases  its  concentrations  too  fast  Thus  we  "stretched" 
Manabe 's  35-year  results  out  to  approximately  year  90  (the  actual  number  of  years  that  it 
took  for  the  concentration  change).  This  is  a  remarkably  lenient  test  because  it  gives  the 
earth  nearly  a  half  a  century  longer  to  warm  than  the  model,  and  the  model  still  overpredicts 
by  over  a  degree!  The  first  version  of  this  compared  modelled  and  ground  based 
temperatures  and  was  published  in  therefereed  literature  was  in  Bulletin  of  the  American 
Meteorological  Society  in  1993  (3),  which  is  obviously  generally  available.  It  then 
appeared  in  Waste  Management  (4),  and  Economic  Affairs  (5),  as  well  as  numerous 
times  in  my  own  publications  such  as  the  nonrefereed  World  Climate  Review;  the  editorial 
policy  of  that  (now  defunct)  publication  was,  however,  only  to  use  refereed  or  scientific 
conference  material,  or  data  sets  that  formed  that  material. 

All  of  this  data  has  been  generally  available  for  years,  and  I  believe  that  Manabe  et  al.(2) 
must  have  known  of  the  great  disparity  between  their  results  and  observations  at  the  time 
that  the  IPCC  1992  report  was  generated.  If  they  did  not,  that  means  they  were  not 
checking  their  model  with  observed  data,  which  should  concern  you  greatly.  But  because 
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it  is  more  likely  that  they  did  know,  the  question  arises  as  to  why  they  had  never  testified  to 
this  effect. 

4b.  I  did  not  submit  this  to  IPCC  for  it'^s  second  assessment.  But  I  commented  several 
times  in  the  official  review  process  about  the  disparity.  Frankly,  IPCC  has  never,  to  my 
knowledge,  altered  a  shred  of  its  1995  text  in  response  to  any  of  my  review  comments,  and 
submitting  that  illustration  would  have  been  profoundly  futile. 

5a.  The  data  is  from  Oort  et  al,  and  originates  in  Trends  93,  a  DOE  publication  with  wide 
circulation  in  the  scientific  community.  The  last  two  years  in  the  record  I  showed  are  MSU 
satellite  estimates,  but  the  correspondence  between  the  satellite  and  temperatures  at  this 
level  is  so  good  that  it  doesn't  matter. 

5b.  This  data  was  surely  available  to  IPCC,  as  it  was  to  me.  My  analysis,  presented  to  the 
Committee,  was  done  in  November,  1995,  and  obviously  couldn't  be  submitted  to  IPCC. 
But  it  is  readily  obvious  from  looking  at  Oort's  data,  and  I  can't  believe  that  I'm  the  only 
person  that  noticed  it  out  of  the  total  of  2,500  IPCC  scientists! 

6.  This  is  answered  in  the  second  paragraph  of  4a.  There  must  have  been  some 
opportunity  during  the  period  1990-92  for  people  responsible  for  that  model  to  testify  in 
front  of  either  a  House  or  Senate  Committee! 

7.  Scientific  certitude  is  certainly  an  adjunct  to  policy.  But,  perhaps  more  important,  when 
scientific  hypotheses  (say,  large  and  dramatic  warming  as  forecast  by  the  models  that  based 
IPCC  1992)  are  at  variance  with  observations,  then  the  foundation  for  any  costly  policy  is 
gravely  weakened.  I  believe  that  is  the  problem  here. 

However,  I  also  believe  that  we  have  been  witnessing,  over  the  last  decade,  a  slow  but  sure 
progression  of  the  "consensus"  view  towards  warming  levels  predicted  by  those,  such  as 
this  writer,  whom  the  "consensus"  once  marginalized.  IPCC  1995  goes  a  long  way 
towards  this  when  it  credits  models  that  have  so  httle  remaining  warming. 

The  problem  for  policymakers  is  that  institutional  structures,  such  as  IPCC,  have  their  own 
very  human  inertia,  because  no  group  of  people,  such  as  IPCC,  wants  to  take  the  blame 
for  having  overpredicted  wanning.  Thus  IPCC  will  only  slowly  come  around  to  settle  on 
the  moderate  position.  Policymakers  have  to  recognize  this  process  has  already  started, 
and  act  accordingly. 

8.  Attachments  provided.  I  have  also  summarized  what  happened,  including  telephone 
conversations,  in  an  included  issue  of  my  biweekly  pubhcation  World  Climate  Report. 

9.  You  ask  me  to  comment  on  specific  programs  about  which  I  know  very  little  detail.  I 
therefore  will  answer  in  general. 

I  believe  that  it  is  very  foolish  to  terminate  any  program  which  is  providing  critical  data  for 
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the  evaluation  of  projections  of  global  climate  change,  and  that  such  research  will  be  cost 
effective  if  only  for  the  regulation  that  it  will  prevent,  given  the  relatively  smaU  amount  of 
climate  change  that  has  been  observed  (compared  to  what  was  forecast).  However,  be 
advised  that  many  programs  try  to  appear  critical  to  this  aspect  when  in  fact  they  are  not. 
For  example,  we  do  not  need  a  "National  Institute  for  Global  Environmental  Change"  to 
help  us  with  this  problem-it  would  be  composed  of  people  already  involved  in  this 
problem  and  would  probably  take  up  their  valuable  research  time.  In  ray  mind,  EPA's 
work  on  climate  change  and  mortality  is  terribly  flawed  and  its  continuation  will  subject  the 
Agency  to  more  costly  grief  than  its  continuation.  Finally,  anything  that  you  can  do  to 
insure  that  the  tiie  MSU  (satellite)  sounding  program  remains  intact  and  viable  for  the  next 
decades  is  vitally  important. 

In  closing,  I  must  say  that  I  was  treated  very  fairly  by  both  majority  and  minority  members 
of  the  Committee.  I  know  that  the  minority  may  feel  discouraged  at  recent  developments, 
but  in  fact,  given  my  experience  as  a  wimess,  things  have  improved  greatiy  and  that  was 
due  in  no  small  part  to  the  courtesy  of  the  minority. 

I  hope  to  testify  before  your  Committee  again. 

ENCLOSURES: 

Figure  1.  Mean  temperature  anomaly  in  the  Oort  balloon  record  between  50(X)  and  3(XX)0 
ft.  TOP:  Entire  record  shows  a  significant  warming  trend.  MIDDLE:  No  trend  in  data 
from  start  of  record  in  1964  tiirough  1976.  BOTTOM:  No  trend  in  data  from  1977 
through  end  of  record  in  1994.  Conclusion:  All  the  statistical  power  that  created  the 
warming  trend  was  in  tiie  warming  between  1976  and  1977,  or  twenty  years  ago.  (Last 
two  years  estimated  from  satellite  data  that  correlates  very  highly  with  rest  of  record.) 

ENCLOSURE  I:  Entire  correspondence  record  between  Michaels  and  Mitchell/IPCC 
requesting  model  results  for  review. 

ENCLOSURE  2:  First  testimony  of  Michaels  before  Congress,  over  seven  years  ago. 
Note  statements  that  climate  should  have  warmed  two  degrees  already,  which  were 
discounted  as  extreme.  This  is  now  the  mainstream  view. 
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To-.  akaCCenbcrgdonail  raeteo.govt  .  uk 
Prom:  pjm6x9aoiazcn.evsc.vir9inia.edu  (Patrick  J.  Michaels) 
Subject:  IPCC  review 

Dear  Dr.  Kattenberg, 

I  hope  this  is  not  too  much  of  an  imposition. 

In  writing  my  review  of  the  draft  of  the  1995  IPCC  Assessment,  I  need  to  exainine  the  transient 
latitude-longitude  gridded  output  of  the  models  listed  as  "Hadley  C02  Anom"  and  "Hadley  aer  anom* . 
Specifically  I  need  the  surface  (or  lOOOmb,  or  990  mb. . .whatever  is  the  lowest  level)  temperature  by 
gridcell,  and  the  function  that  describes  the  combination  greenhouse  and  aerosol  forcing,  as  well  as 
the  actual  forcings  used. 

Please  transmit  this  in  whatever  form  is  appropriate  for  its  size.   We  can  handle  any  reasonable  format 
on  diskette.   If  ftp  is  better,  just  let  me  know  the  particulars. 

I  am  particuarly  interested  in  certain  spatial  characteristics  of  this  model  that  I  think  may  be 
exceedingly  germane  to  the  3  995  Assessment. 

Please  respond  at  an  early  convenience,  as  time  is  passing  by. 

Best  Wishes. 

Patrick  J.  Michaels 
Associate  Professor 
Virginia  State  Climatologist 


fc-xc/pi-wJ-c  X- 


5^*1^  c^     6^    c^n^y.^J^^H     ^H      k/^-f^   C/,^</i   ^^*^ 


1093 


Date:    Thu,    11   May   1995    18:33:35    -^0100 

From:    J  Mitchell   < j fbrnitchellftneto-govt .uk> 

Subject:    IPCC 

To:    pjmSxSamazon.evsc. Virginia. EDO 

>Frcai   jfbmitcheliameto.govt .uk. 

11/5/95 

Dear  Pat, 

Ari  Kattenhurg  has  passed  on  your  request  for  more  information  concerning 

the  Hadley  Centre  transient  experiments.  The  patterns  of  temperature  change 

and  forcing  are  given  in  Chapter  6  (In  the  final  version  they  will  be  in 

colour) . 

The  aerosol  forcing  for  1960  was  derived  from  the  MOGUNTIA  model  and  is 

similar  to  that  shown  in  an  earlier  IPCC  report.  The  forcing  was  derived 

following  the  TEllUS  paper  by  Charlson  et  al  -  I  c&n   send  you  a  preprint 

of  a  paper  to  appear  in  J  Clim  -  the  forcing  is  derived  exactly  the  same  way 

in  the  transeint  experiments  in  IPCC.  Forcing  in  the  past  was  obtained  by 

scaling  the  198C  by  estimated  global  mean  emissions.  The  MOGONTIA  model  was 
used  to  derive  a  pattern  for  2050  using  emissions  from  IS92a  scenario,  and 
the  patterns  for  years  between  1980  and  2050  were  obtained  by  interpolation, 
scaling  the  total  field  by  global  mean  emissions . 

I  c<ui  send  you  paper  submitted  to  Nature  which  gives  more  details  -  but 
because  of  Natures  insistence  on  topicality.  I  must  have  a  written 
undertaking  that  you  would  not  quote  or  use  it   until  the  paper  is  published, 
except  in  your  confidential  review  to  IPCC.  If  you  FAX  such  an  undertaking, 
I  can  FAX  you  the  paper. {You  will  recall  that  all  IPCC  review  material  is 
confidential  until  the  final  publication  of  the  report) 

The  paper  gives  some  information 
on  the  goodness  of  fit  to  pbservations .  We  are  examining  other  aspects  of  the 
the  simulation,  including  the  patterns  of  variability  compared  with  those 
observed,  and  the  further  work  on  the  comparison  with  the  observed  record. 
I  can  send  you  preprints  of  the  relevant  papers  when  they  become  available. 
In  view  of  the  interests  of  my  collaborators  who  have  invested  a  lot  of 
effort  in  producing  these  results,  I  ^eel  it  inappropriate  to  send 
you  gridpoint  data  at  present. 

Wi th  best  wi shes 

John 
J  F  B  Mitchell 

Hadley  Centre  for  Prediction  and  Research 
Meteorological  Office 
Bracknell  RG12  2SZ,UK. 

NOTE  CHANGE  OF  AREA  CODE 
Tel  -44  1344  856613 
Fax  •44  1344  856912 
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J  Mitchell  <jfbmiCchell9iiieto.9ove.ulc> 
Subject 
Dear  John 


From:  pjm8x9aiiiaiton . evsc . Virginia . edu  (Patrick  J.  Michaels! 
IPCC   \ 


Thank  you  for  your  prompt  response  to  ny  request  for  the  aridded  transient  output  from  the  -Hadley  C02 
anom-  and  "Hadley  aer  anom-  models.   I   need  these  results  in  order  to  critically  review  chapter  6. 

I  do  not  understand  your  statement  that  it  is  inappropriate  for  you  to  send  those  result  because  of  the 
-interests  of  your  collaborators  who  have  invested  a  lot  of  effort-  .   Science  is  a  cooperative  effort 
in  which  information  should  be  freely  shared  between  groups,  particularly  in  an  issue  like  global 
climate  change.   While  I  understand  your  feelings  about  the  proprietary  nature  of  results  that  are  not 
yet  published,  you  Nature  paper  will  clearly  be  published  long  before  the  reviews  of  IPCC  are 
integrated.  It  is,  in  my  mind,  not  proper  to  withhold  scientific  information  to  a  colleague  who  has 
been  asked  by  the  IPCC  itself  to  review  its  own  work,  when  that  information  is  critical  to  the  review. 

I  therefore  ask  you  to  reconsider  you  decision  to  not  send  me  the  griddod  output  from  the  models . 

Reviews  are  due  in  the  0.5!.  by  June  2.   Hy  staff  will  help  to  expedite  any  file  transfer  in  a  timely 
fashion.  ' 


Patrick  J.  Michaels 
Associate  Professor 
Virginia  State  Climatologiat 
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Date:    Pri,    12   May   199S    17:06:14    -fOlOO 

From:    J  Mitchell    <jfbtDitchellOmeto.oovt  .u)c> 

Subject:    IPCC 

To:    pjm8xdamazon.evac.Virginia.EDU 

>ProiD  jfbaitchell9meto.govt.uk. 

12/5/95 

Dear  Pat, 

I  must  have  your  written  underta)cing  by  PAX  for 
confidentiality  concerning  the  paper  subtnitted  to  Nature  so  I  can  FAX 
the  draft  to  you.  If  you  FAX  me  now  (I'm  about  to  go  home)  I  should  be  able  to 
FAX  it  to  you  Monday  morning,  or  Tuesday  at  the  latest. 
The  data  will  be  made  available  (within  reason  )  at  a  later  date.  I  beleive 

Roy  Janne  (NCAR)  has  the  data  frao  our  last  experiment. 
With  best  wishes 

John 
J  F  B  Mitchell 

Hadley  Centre  for  Prediction  and  Research 
Meteorological  Office 
Bracknell  RG12  2SZ,UK. 

NOTE  CHANGE  OF  AREA  CODE 
Tel  ^44  1344  856613 
Fax  *44  1344  856912 
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From 
Subject 


D«ar  John, 


J  Mitchell  <3£braitchell9meto.oovt .uk> 
pjra8x9amaton.ev3c.virginia.edu  (Patrick  J.  Michaels) 
Re:  IPCC 


Thank  you  for  sending  the  paper.   I  assure  you  that  I  will  only  use  it  in  my  review  and  that  it  will  be 
completely  confidential. 

It  is  apparent  that  you  are  not  sending  me  the  time  series  of  the  gridded  latititude-longitude 
transient  output  from  the  models.  I  respect  your  decision,  although  I  do  not  agree  with  it. 

Best  Wishes. 


Pat  Michaels 
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To:  J  Mitchell  < jfbinitchelldraeto . govt . u)c> 
Prom:  pjin8xdamazon.evsc.virginia.edu  (Patrick  J.  Michaels) 
Subject:  Re:  IPCC 

Dear  John, 

Unfortunately,  only  the  first  five  pages  of  the  manuscript  were  printed  by  our  fax... could  you  kindly 
send  MS  pages  6  through  13?   Thank  you. 

Even  so,  I'd  like  to  draw  your  attention  to  why  I  am  so  interested  in  a  closer  look  at  this  model.   On 
your  MS  page  4.  you  state  that  model  SUL   increases  its  warming  rate  to  0.2"'/decade  around  1990.   Doing 
my  best  with  the  admittedly  noisy  figure  6.2.2  of  draft  IPCC  1995,  I  find  upon  close  examination  as 
possible  that  model  Hadley  aer  anom  increases  very  close  to  0 .  S^C  from  1979  through  1995,  or 
0 . 3°C/ decade .   Am  I  misreading  the  results,  or  are  the  ones  in  the  Nature  paper  different"*  If  so,  why? 

The  reason  I  am  so  interested  in  the  gridded  data  stems  from  your  statement  on  page  5  (the  last  page 
that  I  received),  alluding  to  a  net  cooling  in  the  Arctic  in  2030-2050.   Yet  in  Murphy  and  Mitchell 
»1  of  Climate)  it  is  apparent  that  there  is  a  large  arctic  warming  at  today's  GHG 
(I  beleive  we  are  about  in  effective  year  38  of  that  simulation,  given  the  compound 
crease  function) . 


Now,  most  of  the  Arccic  wanning  occurrs  in  winter  in  the  GHG  driven  models.   Because  about  half  of  the 
putuative  sulfate  effect  is  direct  reflection,  that  portion,  with  the  exception  of  advection,  does  not 
operate  in  polar  night  and  is  pretty  meaningless  in  late  fall  and  early  spring.   The  cloud  enhancement 
does  and  should  be  very  effective  at  reducing  the  reradiation  necessary  to  create  the  cold  polar 
anticyclones-   Consequently  it  would  be  my  working  hypothesis  that  even  a  sulfate  modified  GCM  would 
still  be  producing  large  [and  erroneous)  arctic  winter  warming.   Maybe  the  rest  of  your  paper  (the  part 
I  didn't  receive)  explains  this. 

There  has  to  be  a  massive  difference  in  the  arctic  gridcell  performance  between  the  GHG  and  sulfate 
models,  and  I  think  therein  lies  the  key  to  a  correct  forecast  for  the  21st  century.   Perhaps  now  you 
see  why  I  am  so  interested  in  the  gridded  timeseries.   Maybe  you'll  reconsider? 

At  any  rate,  can  you  help  me  with  my  question  about  the  Arctic  difference  and  to  my  reading  of  a  0.5* 
warming  since  1979  from  IPCC  in  the  sulfate  model.   If  I'm  reading  the  latter  right,  I'll  bet  that  even 
the  sulfate  model  is  overpredicting  warming  by  about  a  factor  of  three,  and  chat  the  IPCC  needs  to  know 
this.  Any  comment?   It  is  terribly  important  to  this  problem  and  to  the  Policymakers  Summary.  If  my 
reading  of  your  model  is  correct,  and  the  P.S.  says  that  now  the  addition  of  sulfates  has  solved  the 
problem,  there  will  likely  be  great  controversy  caused  by  the  1995  report. 

I  an  sorry  to  trouble  you  but  I  hope  you  agree  that  the  credibility  of  the  Atmospheric 
Sciences--everything  we  have  worked  for —  lies  in  the  global  wanning  issue. 


Pat  Michaels 
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To:  J  Mitchell  <jfbmitchelianieCo.govt  .u)c> 
From:  pjm8xSa1sa2cn.9vsc.virginia.edu  (Patrick  J.  Michaels) 
Subject:  Re:  IPCC 

Dear  John, 

I  can  see  part  of  the  answer  to  ray  question  now  by  looking  at  figure  6c  from  the  Journal  of  climate 
article.  Clearly  there  is  a  lot  of  warming  predicted  by  the  combined  sulfate/greenhouse  model  to  have 
occurred  by  now  in  the  high  latitudes  of  the  Northern  Hemisphere. 

My  initial  hypothesis  is  then  correct:   the  net  warming  predicted  by  the  sulfate  greenhouse  model  is 
still  Coo  high  las  you  imply  in  your  text) . 

Now,  it  is  obvious  that  a  large  amount  of  projected  warming  to  date  in  the  combined  model  results  from 
massive  overestimation  of  the  change  in  latitudes  poleward  of  60°.   It  seems  to  me  that  if  you  correct 
for  this  you  will  get  a  '.'ERY  good  fit  to  the  observed  history;  ironically  the  implication  is  probably 
that  you'll  get  an  overall  warning  for  co2  doubling  that's  far  beneath  former  projections.   But 
whatever  the  result,  your  data  are  convincing  me  further  that  sulfates  are  not  a  sufficient  explanation 
for  model  failure. 

I'm  faxing  a  paper  that  I  recently  published  that  you  may  not  have  seen  on  this,  wigley  has  cried  to 
argue  against  this  paper  vociferously  and  has  only  succeeded  in  proving  to  me  that  it  is  correct 

Again,  I ' 11  hypothesize  that  the  cooling  above  300mb  is  what's  as  responsible  for  the  lack  of  warming 
as  the  sulfates  ...and  111  take  the  bold  step  of  asking  you  if  you'd  like  to  work  together  on  that 
(Call  it  the  Michaels-Mitchell  hypothesis .. .has  a  nice  ring.)   Increased  cloudiness  caused  by  that 
cooling  is  the  key  to  Che  Rosetta  Stone — and  the  end  of  the  disastrous  greenhouse  notion. 

Best 

Pat  Michaels 
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John-- 


Who  wri 
effort' 


To:  J  Mitchell  <:jfboitchell»moto.oovt.uk> 
From;  pjm8x9ama2on.evsc.virginia.edu  (Patrick  J.  Michaels) 
Subject:  Re:  IPCC 

te  the  "Sunraary"  for  Chapter  6  (Climate  Models)  the  draft  1995  IPCC  report?  Or 
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Dace:  Wed,  17  May  1995  10:24:50  *0100 

From:  J  Mitchell  <  j  fbrnitchellSmeto  .govt  .ult> 

Subject:  IPCC 

To:  pjm8x9ama2on.evsc.Viroinia.EDU 

>From  jfbmitchellSmeto.oovt .uk. 

17/5/95 

Dear  Pat. 

I  will  fax  page  5  onwards. 

For  trend  1979-95  try  figure  6.2.1b  (IPCC) 

Figure  6c  (J  Clim)  shows  an  equilibrium  change  -  the  transient  experiment 

is  different. 

The  cooling  in  the  Arctic  in  the  Nature  draft  refers  to  the  effect  of  adding 

sulphates 

The  notion  that  sulphates  affect  summer  only  is  simplistic  -  the  effect  is 

likely  to  be  greatest  in  winter  -see  J  Clim  paper  and  reference  to  Ingram  etal 

With  best  wishes 

John 
J  F  B  Mitchell 

Hadley  Centre  for  Prediction  and  Research 
Meteorological  Office 
Bracknell  RG12  2SZ.UK. 

NOTE  CHANGE  OF  AREA  CODE 
Tel  >44  1344  856613 
Fax  *44  1344  856912 
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To:    J  Micchell    <j£bioitchell«meco.oovt  .uJc> 
From:    p3in8xiamazon.evsc.virainia.edu    (PaCrick  J.    Michaels) 
SubjecC:    Re:    IPCC 

Dear  John. 

I  know  the  transient  experiment  is  'different*.  But  in  your  sulfate-free  transient,  already  published, 
interpolation  between  your  year  21-30  and  41-50  illustrations  ( radiatively ,  I  have  us  at  year  38)  give 
a  high  northern  latitude  warming  of  close  to  3°  for  now. 

The  sulfate  model  clearly  also  has  high  latitude  warming  by  that  iteration  number,  and  what  I  want  to 
know  IS  how  much  and  where.   Hence  ray  request  for  the  gridpoint  data  from  the  transient    The  lack  of 
observed  high  latitide  warming  (effectively  ignored  in  the  IPCC  1995  draft  chapter  S)  indicates  to  me 
that  the  net  warming  predicted  to  date  (which  begins  about  20  years  ago)  is  in  some  not  inconsiderable 
fraction  from  a  place  that  in  fact  didn't  warm  but  is  treated  by  the  model  as  sulfate  free.   This  is 
very  important  for  IPCC  readers  to  know.   Can  you  help  me  with  this? 

Roy  Jenne  says  he  would  be  very  pleased  if  you  would  promptly  send  him  a  high  latitude  sample  of  the 
1.5m  temperature  transient,  output  from  the  sul fate/greenhouse   model,  say,  gridpoints  north  of  60 
degrees  from  model  analog  years  1900-2050.  Roy  would  be  very  careful  about  sending  it  out. 


Pat  Michaels 
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Department  of  Environmental  Sciences 

lA.\»k  Hali        .       L^l\^RMl^  ot  \  iri.inu       .       (.HARioiasMni        .       \iki.isu       .       L''-'>)il:l 


Dr.  J  F.B.  Mitchell 
UK  Met  Office 
Via  Facisimile 


Dear  Dr.  Mitchell. 


I  agree  not  to  cite,  quote,  or  copy  any  portion  of  your  upcoming  Nature  paper  on  the 
sulfate  transient  greenhouse  model,  except  in  my  review  of  the  draft  1995  IPCC  report. 

Thank  you  for  your  attention  to  this!  I  know  you  are  very  busy. 

As  you  are  aware,  Roy  Jenne  does  not  have  the  gridded  output  from  the  model  that 
generated  the  Nature  report,  which  is  what  I  have  requested  from  you  for  my  Review  of  the 
IPCC  draft.  But  1  do  understand  your  position  on  this. 


Sincerely, 

Painck  J.  Michaels 
Associate  Professor 
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statement  of  Patrick  J.  Michaels  to  the  Subcommittee  on  Energy 
and  Power,  U.S.  House  of  Representatives,  February  21,  1989: 

ABSTRACT 

Anthropogenerated  global  climatic  change  is  potentially  the  most 
serious  environmental  disturbance  ever  created  by  technological 
man.  However,  the  problem  is  much  more  complicated  than  is 
generally  perceived. 

Because  of  the  combined  effect  of  the  anthropogenerated  thermally 
active  trace  gases,  we  have  effectively  gone  over  half  way  to  a 
doubling  of  atmospheric  carbon  dioxide  content  from  the  pre- 
industrial  background.  If  the  earth's  surface  temperatures  were 
in  equilibrium,  mean  global  temperatures  would  have  risen  almost 
two  degrees  Celsius. 

Some  of  that  warming  has  not  been  realized  because  of  oceanic 
thermal  lag.  However,  even  liberal  estimates  of  that  lag  suggest 
we  should  have  warmed  at  least  one  degree.  Surprisingly,  -the 
Southern  Henisphere-— the  "water"  hemisphere— shows  more  of  a 
"greenhouse"-like  signature  than  the  Northern  Hemisphere,  where 
there  has  been  no  significant  trend  in  mean  temperature  over  the 
last  55  years. 

Estimates  of  global  warming  over  the  last  century  have  been 
thought  to  range  between  0.4 'and  0.7 *C,  depending  upon  aned.ysis. 
A  study  over  the  U.S.  on  the  relative  effect  of  urbanization  on 
those  records  suggests  a  possible  bias  in  the  warmest  estimates 
of  nearly  0.4 *C,  which,  if  extended  globally,  leaves  a  net 
warming  of  0.3 'C,  or  more  than  three  times  less  than  suggested  by 
the  average  of  sophisticated  climate  models,  even  assuming 
considerable  oceanic  thermal  lag. 

Further,  a  detailed  amalysis  of  O.S.  temperatures  shows  that 
nighttime  temperatures  are  warming  relative  to  daytime  readings 
since  the  important  additions  of  trace  gases.  In  fact,  daytime 
temperatures  have  declined  over' the  same  period.  If  the  primary 
warming  continued  to  take  place  at  night,  the  world  of  changed 
trace  gases  is  much  more  benign  than  the  current  expectations. 

I  conclude  that  basing  sweeping  environmental  policy  upon  such 
clouded  vision  is  especially  risky,  even  if  the  policy  is 
otherwise  rational. 


i^c/ttfV^t-    J- 
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I  would  like  to  thank  the  Subcommittee  for  inviting  my  commentary 
on  the  important  topic  of  anthropogenerated  climatic  change. 

As  a  matter  of  introduction,  I  note  recent  news  and  editorial 
stories  stating  that  evidence  is  sufficiently  compelling  for  the 
D.S.  to  now  factor  anthropogenerated  global  warming  into  the 
domestic  and  foreign  policy  matrix.  The  tenor  of  these  pieces — 
and  Z  have  seen  several—is  that  while  there  some  areas  of 
disagreement  or  inconsistencies  in  our  current  understanding,  it 
is  high  time  for  sweeping  proaction. 

My  purpose  here  is  not  to  throw  roadblocks  in  the  way  of  sensible 
environmental  policy.  No  one  on  this  panel  would  contest  the  fact 
that  euithropogenerated  global  climatic  change  is  potentially  the 
most  serious  environmental  disturbance  ever  created  by 
technological  man.  My  purpose  is  rather  to  underscore  that  policy 
should  be  commensurate  with  the  state  of  scientific  knowledge. 

It  is  doubtless  that  carbon  dioxide,  an  effective  absorber  of 
Infrared  radiation,  is  increasing  exponentially  in  the  atmosphere 
as  a  result  of  man's  activities.  First  measurements  from  Hawaii 
found  concentrations  of  315  parts  million  (ppm)  in  the  late 
1950*8,  while  today's  concentrations  are  nearly  350ppm.  In  the 
early  1980 's,  the  "preindustrial"  background  concentration  was 
estimated  at  295ppm,  giving  «ui  increase  of  19%  since  the 
beginning  of  widespread  thermometric  records. 

If  the  earth  had  come  to  immediate  thermal  equilibrium,  that 
change  could  have  produced  a  global  warming  of  0.7*  C.  Because 
measured  warming  was  thought  to  be  between  0.4'  and  0.7'  C, 
depending  upon  which  record  is  used,  the  observed  changes 
initially  seemed  consonant  with  anthropogenerated  C02  increases. 

Several  findings  since  then  indicate  the  problem  is  much  more 
complicated.  These  include  the  exponential  increases  in  other 
thermally-active  trace  gases,  new  findings  on  the  geographic 
distribution  of  warming  and  its  division  between  night  and  day, 
and  recent  work  on  the  effect  of  urban  bias  on  regional 
temperatures.  Commentary  of  these  will  comprise  the  balance  of  my 
testimony. 

1^  rhana^e  la.  feraea-aaa  CQnCentgfltiOna. 

Antarctic  ice  core  measurements  now  place  the  background  C02 
concentration  between  260  and  280  ppm.  If  we  use  the  midpoint, 
the  expected  equilibrium  warming  could  be  1.1  'C. 

Other  thermally  active  trace  gases  have  also  been  increasing 
exponentially,  in  particular,  methane,  nitrogen  oxides,  and  the 
chloroflourocarbons.  Tom  Wigley,  of  the  University  of  East 
Anglia,  calculates  that  the  combined  effect  of  these  should  be 
equivalent  to  an  additional  ^ffeetiva  increase  of  57ppm.  Thus,  if 
all  of  the  other  radiatively  active  gases-twere  expressed  ^a  JUL 
they  were  C02,   the  concentration  of  carbon  dioxide  would  be 
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407ppm,  or  151%  of  a  background  of  270ppm. 

Under  equilibrium  conditions,  the  earth  should  have  warmed  1.8  'C 
from  these  trace  gas  disturbeuices.  If  the  lower  limit  background 
of  260ppm  is  used,  the  expected  mean  global  warming  is  very  close 
to  two  degrees  Celsius.  As  noted  above,  measured  warming  has  been 
between  0.4* and  0.7* C.  As  noted  below,  that  warming  itself  is 
subject  to  some  question. 

2a  I21£  Spatial  aoA   Teatporal  Diatribution  q£.   Observed  Warming 

There  is  an  unknown  lag  effect  that  occurs  because  of  the  oceans. 
Wigley  has  calculated,  however,  that  even  the  most  liberal 
estimates  of  this  lag  imply  an  expected  warming  of  1.0*  C  (or  1.2* 
with  the  lower  background  C02  of  260ppa) .  At  best,  the  earth 
appears  to  have  warmed  up  only  half  as  much  as  our  average 
forecasts  indicate  it  should  have.  A  mathematical  argument  in  Dr. 
Schneider's  Journal  ciimatie  Change  suggested  the  oceans  might 
mitigate  expected  surface  warming  by  a  factor  of  three. 

The  oceanic  lag  argument  is  complicated  by  the  differing  behavior 
of  the  Earth's  hemispheres.  Southern  Henlsphere  temperatures, 
according  to  Jones  and  others  at  East  Anglia,  display  a  thermal 
signal  that  is  much  like  we  would  expect  in  a  Greenhouse  World — 
little  change  through  the  1940*8,  followed  by  an  exponential 
increase,  albeit  one  of  approximately  half  the  magnitude  expected 
even  with  liberal  thermal  lag  arguments. 

Northern  hemisphere  temperatures  show  a£  laaafc  one-half  of  their 
increase  before  the  major  trace  gas  emissions.  In  fact,  there  is 
no  statistically  significant  trend  for  the  last  55  years.  Hugh 
Elsaesser,  of  the  Lawrence  Laboratory,  demonstrated  that  most  of 
our  hemisphere's  warming  can  be  ascribed  to  a  period  during 
Woodrow  Wilson's  presidency. 

Most  scientists  directly  involved  with  this^ research  problem  cite 
the  hemispheric  disparity  as  either  counter  to  or  beyond  the 
current  pale  of  our  understtrnding. 

1^  Uift  Diurnal  Froblfta 

Work  by  Tom  Karl  and  others  from  MOAA  provide  an  additional  layer 
of  complexity  on  the  climate  change  problem. 

Careful  analyses  of  the  unurbanized  Historical  Climate  Network 
data  indicate  that  daily  temperature  ranges  over  the  United 
States'  are  declining  since  the  significant  addition  of  trace 
gases.  In  particular,  it  appears  that  night  minimum  temperatures 
are  rising  relative  to  daytime  maxima.  The  implication  is  that 
the  greenhouse  effect  could  be  expressing  itself  primarly  as  a 
rise  in  the  nighttime  temperatures,  while  daytime  temperatures 
have  in  fact  declined.  t? 
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Avcragat  LKt  Daily  Ranc*  (Diffartnc*  batvaaa  high  and  low).  The  decline 
in  daily  rang*  occurs  becaoaa  of  a  relative  riae  in  nighttime 
temperatures*  indicating  that  the  poasible  greenhouae  compensation  is 
taking  place  primarily  at  night,  while  daytime  temperatures  have  actually 

declined. 

•X 

Analyses  through  1987  show  that  this  tread  has  continued. 
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This  could  be  cause  either  by  increased  cloudiness,  which  has 
been  noted  in  four  reports  in  the  refereed  scientific  literature, 
or  by  the  infrared  absorbing  effects  of  etnthrpogenerated  trace 
gases.  It  is  more  likely  that  the  reduction  in  daily  range 
results  from  a  combination  of  the  two. 

The  pecularity  is  that  if  such  a  trend  continued,  greenhouse 
world  could  be  one  where  growing  seasons  were  longer  (because 
nighttime  temperatures  increased) ,  there  was  more  precipitation 
and  less  skin  cancer  (because  of  increased  cloudiness)  and  plants 
grew  better  (because  of  the  well  known  effect  of  carbon  dioxide 
fertilization) . 

The  "positive"  vision  of  future  climate  was  recently  presented  by 
Soviet  Academician  Mikhail  Budyko,  in  a  paper  first  read  at  a 
NOAA  sponored  meeting  of  the  Climate  Trends  Panel  last  September. 
Budyko's  position  in  the  Soviet  science  establishment  is  roughly 
analogous  to  being  in  the  highest  echelons  of  our  National  Center 
for  Atmospheric  Sesearacb.  Z  only  bring  It  up  to  underscore  the 
broad  range  of  expert  opinion  that  exists  on  this  subject. 

With  regard  to  observed  temperature  changes,  the .current  draft  of 
the  Climate  Trends  Panel  meeting  proceedings  states  that  "the 
overall  magnitude  of  the  surface  warming  since  the  latter  19tb 
century... is  about  half  of  that  expected  by  most  GCM  simulations 
given  the  best  estimate  of  cbanges-in  greenhouse  gases  over  this 
period." 

i^  ShA   nrbanizafcion  Problam. 

It  is  well  known  that  long  term  climate  records  sometimes  warm 
because  their  surroundings  become  more  urbanized,  and  while  much 
has  been  written  on  this  problem,  it  remains  elusive.  In  the 
March,  1989,  issue  of  the  Bulletin  fl£.  the  Ameriean  Meteorological 
Society.  NOAA  scientist  Tom  Karl  will  publish^  a  paper  that 
compares  NASA  climate  records  over  the  O.S.  to  the  urbanization- 
adjusted  Historical  Climate  Network.  The  paper  will  show  that  the 
published  NASA  record  warms  up  0.4 'in  the  twentieth  century 
compared  to  the  unurbanized  record.  It  is  important  to  note  that 
there  is  no  a  Bslfiri  reason  to  suspect  that  the  urban  bias  is 
appreciably  different  in  other  portions  of  the  industrialized 
world.  A  simple  extension  to  the  globe — which  is  not  possible  to 
rigorously  defend  at  this  time  because  the  exhaustive  research 
has ^  not  been  performed — would  yield  a  residual  warming  of  0.2- 
0.3,*  an  amount  which  is  three  ttmee  less  than  that  predicted  by 
the  average  of  our  sophisticated  climate  models.  The  other 
popularly  cited  climate  record,  of  the  East  Anglia  research 
group,  leaves  essentiidly  the  same  residual  in  an  analogous 
comparison. 

A  slightly  different  analysis  finds  virtually  no  change  in 
conterminous  O.S.  temperatures  over  the  ii^st  century,  which  is 
consistent  with  some  transient  climate  models,  in  which  areas  the 
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size  of  the  D.S.  can  continue  to  be  cooler  than  the  rest  o£  the 
world  for  periods  of  decades.  However,  analogous  studies  of 
Canadian  data  and  my  mean  layer  temperature  calculations  for 
Alaska  show  that  indeed  the  area  of  no  significant  temperature 
change  over  the  last  50  years  is  virtually  eO.!  of  North  America. 
It  is  doubtful  that  this  can  be  accomodated  by  a  transient 
climate  model  with  a  realistic  change  in  trace  gas  concentrations 
over  that  period. 

It  would  be  important  to  extend  these  types  of  analyses  to  other 
regions  with  analogous  urban/rural  climate  networks,  such  as  the 
Soviet  Onion.  I  urge  that  you  give  what  would  have  to  be  a  joint 
effort  your  highest  priority.  In  addition,  I  urge  the  support  of 
other  important  investigations  that  will  help  us  determine  the 
earth's  true  temperature  history  and  to  find  in  fact  how  the 
change  in  trace  gases  will  eventually  be  expressed. 

These  observations  are  not  intended  to  minimize  the  importance  of 
the  climate  change  problem,  but  rather  to  emphasize  its 
complexity.  I  find  it  extremely  risky  to  enact  sweeping 
environmental  policy  based  upon  visions  that  are  at  best  clouded, 
and  at  worst  already  failing.  Further,  if  models  that  eventually 
fail  are  used  as  the  lyncbpin  for  an  otberwiaa  rational  energy 
policy,  that  policy  could  eventually  suffer  a  serious  loss  in 
credibility  which  would  set  back  progress  on  these  important 
issues  for  decades. 


HASA'a  record  over  the  cotacmiaous  D.S.  waxes  approziaataly  0.4*  C 
compared  to  Che  arbanizacioii-adjuaced  hiatorieal  cliaate  network.  If  auch 
a  trend  occurred  throughout  the  reat  of  Che  world».,aet  global  wanaing  for 
Che  20th  century  would  be  0.2-0. 3 *C,  which  ia  virtually  indiaCiaguiahable 
fro*  background  noiae. 
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A    81-WEEKLY    REPORT    ON    GLOBAL    CLIMATE    CHANGE 


"TORRENTIAL"  RAINS  INCREASE! 


U^  B.cic  ^.^ 


Hasn't  everyone  noticed  the  recent 
increase  in  "torrential"  rains? 
According  to  a  new  report,  there's 
one  more  day  every  two  years  in  which 
rainfall  exceeds  two  inches.  Apparently, 
as  reported  in  our  last  issue  ("Karl  Finds 
•No  Smoking  Gun,'"  Vol.  i.  No.  3).  this  is 
definitive  proof  that  global  warming  is  here. 
Why  does  a  linle  extra  rain  in  the  central 
United  Stales  demonstrate  global  warming? 
Don't  look  for  answers  here  — we  have  no 
idea.    But  since  this  study  has  garnered  so 
much  media  attention,  let's  look  at  it  a  little 
more  closely. 

In  a  paper  that  appeared  in  the  British 
journal  Nature  in  September,  Tom  Kari, 
Richard  Knight,  and  Neil  Plummer  examined 
trends  in  global  land-based  temperature 
and  precipitation.    Since  similar  temperature 
analyses  have  appeared  elsewhere,  the  pre- 
cipitation results  garnered  the  most  atten- 
tion.   Using  the  IHistorical  Climate  Network 
(the  best  data  set  for  analysis  of  long-term 
trends  since  it  is  largely  rural  and  has  been 
subjected  to  significant  quality  controO, 
based  on  aggregated  daily  records  from 
more  than  i8o  stations  in  the  United  States, 
Karl  found  significant  trends  in  the  yeariy 
frequency  of  annual  precipitation  accounted 
for  by  "extreme"  precipitation  events 
(greater  than  two  inches  per  day.)    Most  of 


these  heavy  rains  fall  during  summer, 
hlowever,  there  is  no  overall  precipitation 
trend  because  of  decreases  in  several 
lighter  precipitation  categories. 

Vice-President  Gore  referred  to  these  as 
increases  in  "torrential  rains."  But  we  ask 
the  following  questions:  1)  How  "signifi- 
cant" are  these  trends?  2)  Are  they  worth 
worrying  about?  3)  Are  they  indicative  of 
global  warming?  4)  Are  these  rains  really 
torrential? 

We  examined  a  large  subset  of  the  same 
data  set  used  for  summers  Oune  through 
August)  from  1910  to  1987;  but,  rather  than 
averaging  the  data,  we  looked  at  the  trends 
for  individual  stations.  For  each  station,  we 
computed  the  percentage  of  summer  rainfall 
of  more  than  two  inches  per  day.  A  glance 
at  the  map  shows  most  of  the  trends  in  the 
United  States  are  indeed  positive.  But  only 
four  out  of  the  120  stations  have  statistical- 
ly significant  trends.  This  is  fewer  than 
would  Ije  expeaed  by  random  chance. 

Is  the  definitive  proof  of  global  wanning 
really  a  few  more  days  of  summer  rain  in 
Highmore,  South  Dakota,  and  Gothenburg, 
Nebraska  (or  the  other  two  stations  with 
significant  trends)?   Kari  et  al.  state  that 
there  are  few  positive  trends  in  the  other 
countries  they  examined. 
Hmmm... 


Lefs  suspend  disbelief  for  a  moment  and 
assume  that  these  trends  are  meaningful. 
Is  this  really  a  problem?   Most  agricultural 
regions  In  the  United  States  benefit  from 
summer  rain  since  this  is  the  time  of  year 
when  evaporation  Is  highest  and  a  plant's 
need  for  water  the  greatest.   Ask  any  com 
grower  If  he  would  prefer  an  extra  two-Inch 
rainfall  in  midsummer.   Assuming  the 
Government's  not  paying  him  to  lose  money 
that  year,  his  answer  will  be  "#$%®,  yes!" 

Are  more  heavy  summer  rains  in  the 
United  States  a  global  warming  indicator? 
In  the  United  States,  daytime  temperatures 
(which  provide  the  fuel  for  thunderstonns) 
have  actually  declined  over  the  last  seven 
decades.  To  make  conditions  more  unsta- 
ble (conducive  to  thunderstorm  fomiation), 
we  have  to  cool  the  atmosphere  from 
20,000  to  50,000  feet:  but  all  computer  cli- 
mate models  predict  warming  in  this  layer. 
So,  does  this  alleged  global  wanning  indi- 
cator invalidate  these  models? 

Further,  how  "torrential"  are  these  rains? 
How  accurate  is  the  image  of  fields  of  com 
being  washed  away  by  these  cloudbursts? 
We  mapped  the  percentage  of  heavy  rainfall 
(greater  than  two  inches  per  day)  accounted 
for  by  three-lnch-per-day  or  greater  rain 
events.    Except  for  the  Gulf  Coast  region, 
few  instances  of  more  than  three  inches  of 
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Kftas  that  ti  conlrfbutad  by  aaHoals  olltMM  or  oMt*  iMhts.   Sudi  f 
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rain  per  day  occur  in  the  United  States. 
Most  two-to-three-inch  daily  rainfalls  will 
not  cause  problems  in  midsummer  unless 
the  ground  is  already  saturated. 

Thus,  while  we  largely  agree  with  Karl's 
analysis,  we  offer  the  following  revisionist 
headline:   "Beneficial.  No n -torrential  Rains 
m  Gothenburg,  Nebraska  Not  Related  to 
Global  Warming!"   That's  a  tough  way  to 
get  people's  attention. 


TOO  HOT  TO  HANDLE! 
Date  Denied  to  IPCC  Reviewers 

Last  issue  of  this  Report  caused  quite  a 
stir  when  we  alleged  that  all  was  not 
proper  in  the  review  process  for  the 
United  Nations  Intergovernmental  Panel  on 
Climate  Change  (IPCO-   Specifically,  we 
mentioned  unfindable  references  and  denial 
of  specific  data  critical  to  a  proper  indepen- 
dent evaluation. 

This  finding  comes  at  a  critical  juncture  in 
the  climate  change  issue.   The  Clinton 
Administration  has  just  announced  that  its 
Climate  Change  Action  Plan-the  "Volun- 
tary" program  to  reduce  carbon  dioxide 
emissions  to  1990  levels  by  the  year 
2000  — has  failed.    Not  coincidentally.  global 
warming  rhetoric  is  at  high  crescendo. 
Something's  about  to  give,  and  we  would 
not  be  surprised  if  the  Administration  soon 
proposes  tradeabte  emission  permits  for 
greenhouse  gases.   The/ll  correctly  predict 
that  Congress  will*  have  no  part  of  it.  and 
forge  a  btg  issue  for  the  1996  election. 

All  of  this,  of  course,  depends  largely 
upon  the  reliability  of  global  warming  sci- 
ence, and  it  is  the  IPCC  that  claims  to  be 
the  colossus  of  credibility  If  their  review 
process  is  tainted,  so  is  their  science. 

In  the  course  of  reviewing  their  new 
report,  this  editor  noticed  thai  the  climate 
model  that  IPCC  said  best  tracked  the  past 
climate  (and  therefore  is  most  reliable  in 
the  future)  only  reduced  its  warming  fore- 
cast for  the  high  latitudes  of  the  Northern 
Hemisphere  for  2040  by  i^C  to  J^C.  and 
forecast  a  rise  of  ^^C  to  6®C.  This  was  of 
some  concern,  because  older  models,  which 
are  now  acknowledged  as  inaccurate,  pre- 
dict that  those  latitudes  should  have 
warmed  some  2®C  since  1950.   The  actual 
warming  is  zero. 


This  would  seem  to  mean  that  even  the 
more  "reliable"  model  is  still  making  a  large 
polar  error  and  is  too  warm  in  the  future. 
(Report  Vol.  i.  No.  2.  tells  how  much  the 
model's  forecast  warming  has  been 
reduced.)    But  that  hypothesis  could  only 
be  checked  for  truth  if  one  compared  the 
patterns  of  model  behavior  over  the  high 
Arctic  with  the  patterns  of  reality  as  the 
greenhouse  effect  has  changed. 

Electronic  Mall  to  U.K.  Meteorological 
Office  (UKMO).  May  10.  199S: 


ing 


drafL  of  Che  1995  IPCC 
Assessmenc,  I  need  to  exe 
the  transient  latitude-lc 
g r 1 dded  output  of  the  mod - 
els.... I  am  particularly  inter- 
ested in  certain  spatial  charac- 
teristics of  this  model  that  I 
think  may  be  exceedingly  germane 
to  the  1995  (IPCC)  Assessment  - 

Reply  from  UKMO.  May  11,  i;^5: 

•In  view  of  the  interests  of  my 
collaborators  who  have  invested 
a  lot  of  effort  in  producing 
these  results,  1  feel  it  inap- 
propriate to  send  you  gridpoint 
data  at  present  . • 

Electronic  Mail  to  UKMO.  May  11.  1995: 

'1  do  not  understand  your  state- 
ment ...  .Science  is  a  cooperative 
effort  m  which  information 
should  be  freely  shared. .. .While 
I  understand  your  feelings  about 
the  proprietary  nature  of 
results  that  are  not  yet  pub- 
lished, your  Nature  paper  will 
clearly  be  published  long  before 
reviews  of  II*CC  are  integrated. 
It  is.  in  my  mind,  not  proper  to 
withhold  scientific  information 
t o  a  CO 1 league  who  has  been 
asked  by  the  IPCC  itself  to 
review  its  own  work . . . . I  there- 
fore ask  you  to  reconsider  your 
decision  not  to  send  me  the 
gridded  output  from  the  models.' 

UKMO  then  sent  two  papers  that  were  in 
review.  One  has  been  published  In  Nature, 
as  the  e-mail  mentions. 


Electronic  Mail  to  UKMO.  May  12.  1995 

•Thank   yoj    for    sending    the 
paper.... It    is   apparent    that   y 
are    not    sending    me    the    time 
series   of    the   gridded    1 
longitude   output    from   the  mod- 
els.     I    respect   your   decision, 
although    I   do   not   agree  with 


de- 


Electronlc  Mail  to  UKMO,  May  16.  1993: 

in    the   gridded   data    stems    from 


[UKMO  goes  on  to  refer  to  an  unpublished 
manuscnpt  on  which  we  have  agreed  lo 
make  no  public  commeni— Ed.].  .  .  .conse- 
quently,    It    would    be    my    working 
hypothesis    that    even    a    sulfate 
modified   GCH  Ithe  type  that  best  tracks 
past  climate]  would   still    be   produc- 
ing  a    large    (and   erroneous)    arc- 
tic winter   warming. ...  Perhaps 
now  you    see   why    I    am    so    inter- 
ested   m   the   gridded    timeseries. 
Maybe    you'll    reconsider? 

I    am    sorry    to    trouble  you    but 
1   hope  you   agree   that    the   credi- 
bility   of    the   Atmospheric 
Scicnces-everything  we   have 
worked    for-lies    m   the  global 
warming   issue.' 

Al  this  point,  we  tried  to  get  UKMO  to 
send  the  data  to  a  "neutral"  (whatever  that 
means  in  a  science  debate)  party.  Roy  )enne 
of  the  U.S.  National  Center  for  Atmospheric 
Research,  who  would  logically  request  the 
data  for  his  archive. 

Electronic  Mail  to  UKMO.  May  17,  1995: 

"Roj'    Jenne    says    he   would    be    very 
pleased    if  you  would   promptly 
send   him   a   high    latitude   sample 
of    the    1 . Sm    temperature    tran- 

suifate/greenhouse    model,     say, 
gridpjoints   north   of    60 
degrees. .. .Roy  would   be  very 
careful    about    sending    it    out." 

No  further  communication  was  received 
from  UKMO. 
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January  18,  1996 


Dr.  Robert  T.  Watson 
Associate  Director  of  Eavirooment 
Office  of  Science  and  Technology  Policy 
Executive  Office  Building 
Washington.,D<:.    20S00 


I  want  to  express  my  appreciation  for  your  participation  in  the  Committee's  recent 
hearing  on  Global  Change  modelling.  Your  testimony  was  of  great  value  to  me  and  to  the 
Committee. 

Enclosed,  you  will  find  some  additional  questions  which  are  intended  to  Clarify  certain 
points  raised  in  the  hearing  and  develop  additional  information  for  the  Committee's  use.  Your 
written  responses  will  be  included  as  part  of  the  hearing  record.  1  ask  that  you  provide  your 
responses  by  February  IS.  You  may  contact  Dr.  William  S.  Smith  of  my  staff  at  202/22S-4439 
if  you  have  any  questions  regarding  this  request. 

Once  again,  thank  you  for  your  assistance. 


Enclosure 
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ADDITIONAL  QUESTIONS  FOR  THE  RECORD 
FOR  DR  WATSON 


1 .  During  the  course  of  the  hearing,  Dr.  NCchaels  provided  a  chart  which  purported  to  show  that 
a  key  model  used  by  the  IPCC  did  not  provide  an  adequate  representation  of  temperature  data  in 
the  5,000-30,000  ft  layer  gathered  by  satellites  over  the  past  20  years   Please  provide  your  own 
views  on  the  methodology  and  interpretation  used  in  this  chart  and  its  significance,  if  any,  to  the 
validity  of  the  IPCC  models. 

2.  During  the  course  of  the  hearing,  Dr  Michaels  provided  a  chart  which  purported  to  show  that 
all  of  the  temperature  change  fi^om  1965  to  1994  occurred  in  one  year,  a  feature  which  models 
cannot  predict    Dr.  Michaels  implied  that  the  inability  of  models  to  predict  such  behavior  called 
into  question  their  use  for  policy  purposes.  Please  provide  you  own  views  on  the  methodology 
and  interpretation  used  in  this  chart  and  its  significance,  if  any,  to  the  validity  of  climate  models 

3.  You  testified  that  the  IPCC  assessment  finds  that  aggregate  global  food  production  under 
projected  climate  change  conditions  should  be  able  to  keep  pace  with  population  growth  and 
nutritional  needs.  In  making  this  projection,  how  does  the  IPCC  take  into  account  the  increasing 
air  pollution  in  many  developing  countries,  soil  erosion  and  degradation,  competing  demands  for 
land  and  water,  growing  populations,  the  need  for  fertilizers,  sea  level  rise  onto  productive  river 
deha  lands,  and  other  &ctors  that  may  limit  the  ability  of  agriculture  to  shift  or  increase 
production''  What  is  the  range  of  uncertainty  of  this  projection  and  what  are  the  chances  that  the 
actual  consequerKes  could  be  much  worse? 

4.  Dr.  Michaels  testified  that  the  climate  models  most  heavily  cited  by  the  IPCC  1992 
supplementary  repon  on  climate  change  were  known  to  contain  large  errors  at  the  time  of 
adoption  of  the  Framework  Convention  on  Climate  Change  and  that  such  errors  were  not 
disclosed  with  the  resuh  that  the  model's  uncertainties  were  not  considered  in  the  debate 
surrounding  this  issue.  Please  respond  to  this  statement. 

5    Dr  Michaels  testified  that  in  1992,  in  association  with  the  signing  of  the  Rio  Treaty,  Congress 
was  knowingly  misled  by  witnesses  v/ho  withheld  information  regarding  known  errors  in  key 
models     Please  respond  to  this  statement. 

6.  Several  witnesses  have  alluded  to  critical  research  programs  needed  to  resolve  the  remaining 
uncertainties  in  the  global  warming  theory.  Please  comment  on  the  role  and  importance  of  the 
foUowing  programs  and  pending  Congressional  proposals: 

PROGRAM  PROPOSAL 

NCAA's  Climate  and  Global  Change  Terminate  program  in  its  current  form  and 

Program  restrict  all  NOAA  research  to  seasonal  and 

interannual  variability  (H.R.  2043). 
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NOAA  High  Performance 
Computing  Prognm 


Terminate  program  (H.R.  2043) 


EPA  Global  Change  Research 


DOE  Biological  and  Environmental 
Research 


NASA  Mission  to  Planet  Earth 
Program 


Terminate  program  with  closeout  costs,  a 
reduction  of  $2C  million  from  request  level 
of  S22  million  (RR.  1814) 

Terminate  Marine  Transport  for  Ocean 
Mar^ns  Program,  Ecosystem  Functioning 
and  Response  program.  Computer 
Hardware,  Advanced  Mathematics  and 
Model  Physics  Program,  World  Ocean 
Circulation  Experiment,  National  Institute 
for  Global  Environmental  Change,  and  freeze 
at  FY  95  levels  the  Atmospheric  Radiation 
Measurement  Program.  (HR  1816) 

Delay  indefinitely  the  PM  and  Chem 
platforms  of  the  Earth  Observing  System, 
terminate  the  TOPEX  FoUowon  mission 
(HR.  2043) 
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AJUUl  1  lUIN AJ.  VjUt^  1  lUIN  rUK  1  Hh.  KbCUKiJ 

JOINTLY  FOR  DR  WATSON  AND  DR.  NIERENBERG 

Please  provide  a  coordinated,  joint  response  to  the  Committee  for  the  following  question.  If 
agreement  on  specific  issues  cannot  be  reached,  you  may  provide  a  single  response  which 
clearly  identifies  differing  points  of  view. 

During  the  course  of  the  hearing,  the  point  was  made  that  the  tifettme  for  C02  is  complex  in 
nature  and  may  be  composed  of  several  time  constants  ranging  from  2  years  to  SOO  years. 

a.       Recognizing  that  a  single  time  constant  may  misrepresent  the  actual  case,  what  fraction  of 
C02  that  will  remain  in  the  atmosphere  after  say,  5  years,  50  years,  and  500  years?  How 
does  this  depend  on  the  growth  rate  for  emissions'? 

b        What  was  the  consensus  C02  lifetime  used  in  the  IPCC  assessments?  Are  there  models  or 
dau  sets  which  may  argue  strongly  for  a  different  basis? 

c        Of  the  amount  of  anthropogenic  C02  put  into  the  atmosphere  today,  what  fraction  will 
essentially  never  go  away  (i.e.  be  there  1000  years  from  now)? 

d.       What  additional  work  must  be  done  to  better  characterize  the  C02  lifetime? 

e        What  friction  of  long  residence  C02  (say,  that  remaining  after  500  years)  would  suggest 
that  actions  be  taken  now  rather  than  a  'wait  and  see'  policy? 
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EXECUTIVE  OFFICE  OF  THE  PRESIDENT 
OFFICE  OF  SCIENCE  AND  TECHNOLOGY  POLICY 

WASHINGTON,  DC.  20500 


April  3,  1996 


The  Honorable  George  E.  Brown,  Jr. 
Ranking  Democratic  Member 
Committee  on  Science 
U.S.  House  of  Representatives 
Washington,  DC   20515-6301 

Dear  Representative  Brown: 

Thank  you  for  inviting  me  to  participate  in  the  Committee's  recent 
hearing  on  global  change  modeling.   Enclosed  are  answers  to  the  additional 
questions  you  sent  me  to  clarify  certain  points  raised  in  the  hearing  and  to 
develop  additional  information  for  the  Committee's  use. 

Please  let  me  know  if  I  can  be  of  further  assistance. 

Sincerely, 


Robert  T.  Watson 
Associate  Director  for  Environment 


(.  UiX,^^^ 


Enclosure 


23-558    96-36 
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ADDITIONAL  QUESTIONS  FOR  THE  RECORD 
FOR  DR.  WATSON 

1.  During  the  course  of  the  hearing.  Dr.  Michaels  provided  a  chart  which  purported  to  show  that  a 
key  model  used  by  the  IPCC  did  not  provide  an  adequate  reprBsentation  <rf  tenyeratuie  data  in  the 
5,000  -  30,(X)0  ft  layer  gathered  by  satellites  over  the  past  20  years.  Please  provide  your  own 
views  on  the  methodology  and  interpretation  used  in  tlus  chart  and  its  significance,  if  any,  to  the 
validity  of  the  IPCXI  models. 

Answer: 

The  chart  which  Dr.  Michaels  included  in  his  testioxMiy  as  Hgure  1  compares  two  quite  different 
measurements  of  temperature  (surface  observations  and  satellite  observatioQS  of  die  middle 
tn^>osphere).  The  differences  between  the  two  records  provide  useful  scientific  infonnatioa  and 
also  illustralB  scKne  basic  sbortoomings  in  the  logic  of  Dr.  Michaels  in  expecting  the  recoids  to  be 
identical,  or  to  be  directly  comparable  to  the  model  results  <^  Manabe. 

There  are  three  problems:  (i)  a  seventeen  year  recotd  caimot  be  used  to  derive  a  long-term  trend  in 
the  Earth's  temperature  because  the  temperature  fluctuates  too  much  on  such  a  short  time  scale  due 
to  a  variety  of  natural  phenomena;  (ii)  the  observations  cannot  be  coaq>ared  to  a  model  diat  does 
not  include  all  natural  and  anthropogenic  phenranena  diat  affect  tenqxarature;  and  (iii)  trends  in 
surface  temperature  may  be  different  from  trends  in  mid-tioposphere  temperature. 

A  seventeen  year  record  cannot  be  used  to  derive  a  long-term  trend  in  the  Earth's  temperature 
because  the  temperature  fluctuates  too  much  on  such  a  short  time  scale  due  to  a  variety  of 
natural  phenomena: 

The  Microwave  Sounding  Unit  (MSU)  satellite  record  is  a  measurement  of  the  temperature  of 
the  free  troposphere  (generally  the  middle  tropospheric  layer  from  about  5,000  to  30,000  feet, 
but  with  some  influence  from  even  higher  layers);  Dr.  Michaels  curve  shows  the  average  from 
thousands  of  these  measurements  over  the  two  hemispheres  over  about  a  15  year  peric^  It  is 
important  to  recognize  that  the  surface  and  satellite  observational  records  show  a  response  to  all 
of  the  factcrs  that  have  caused  temperature  change  over  this  period,  including  not  only 
increases  in  the  concentrations  of  greenhouse  gases  and  aerosols,  but  also  of  volcanic  dust 
injections  (particulariy  from  the  El  Qiichon  eruption  in  1983  and  the  Mt  Pinatubo  eruption  in 
1991),  of  El  Nino  variations  in  the  Pacific  Ocean,  of  changes  in  stratospheric  ozone 
concentradon,  and  of  other  natural  and  anthropogoiic  influences.  Like  the  surface  record,  the 
MSU  record  is  quite  variable  and  attempting  to  determine  a  lc»g-term  trend  from  this  reladvely 
short  record  is  fraught  with  statistical  uncertainties.  Trend  analyses  can  give  very  different 
results  depending  over  what  period  the  calculations  are  made  and  what  region  is  selected.  It  is 
generally  preferred  that  records  be  30  years  or  longer  and  that  account  be  taken  of  special 
events  such  as  volcanic  eruptions  that  may  affect  the  record.  When  the  mid-tropospheric 
temperature  record  is  extended  back  to  the  1960s  using  radiosonde  observations,  the  longer- 
term  trend  shows  a  significant  warming,  broadly  consistent  with  ground-based  observations 
and  roughly  as  expected  firom  the  newest  climate  noodel  simulations  that  incorporate  the  affect 
of  aerosols.  Dr.  Michaels  does  not  seem  to  want  to  mention  this  sq>port  for  the  predicted 
global  warming  trend. 

Observations  cannot  be  compared  to  a  model  that  does  not  include  all  nannal  and  andiroDOggiic 

phenoinena  that  affect  temperamre: 

The  observations  cannot  be  compared  to  the  model  results  used  by  Dr.  Michaels  because  the 
model  simulation  assumed  that  the  only  factor  affecting  climate  was  increasing  atmospheric 
concentrations  of  carbon  dioxide  (assumed  to  be  1  %  per  year).  No  attempt  was  made  in  the 
model  to  account  for  the  temperatiue  influences  of  vc^canic  enqitions,  changes  in 
anthropogenic  aerosols,  or  lower  stratospheric  ozone  depleticMi  diuing  this  period,  all  of  which 
I 
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would  be  expected  to  have  had  cooling  influences  on  the  tn^x>^here.  Dr.  Michaels  had  to 
adjust  the  model  results  for  a  number  of  reasons:  (i)  the  original  simulation  was  not  fw  any 
particular  year,  (ii)  the  actual  rate  c^  increase  of  cartxn  dioxide  is  less  than  that  assumed  in  the 
simulation;  and  (iii)  other  greenhouse  gases  were  not  simulated   The  approach  used  by  Dr. 
Michaels  to  adjust  die  model  results  is  highly  questionable.  Finally,  given  the  natural 
variability  of  the  climate.  Dr.  Michaels  should  know  that  coo^iaring  tiie  results  for  a  particular 
observational  period  and  a  particular  model  simulation  is  not  statistically  appropriate.  It  is 
essential,  if  a  coiiq)arison  is  to  be  made,  for  there  to  have  been  an  ensemble  o(  simulations, 
each  including  the  variety  of  factors  influencing  the  global  teiiq)erature. 

Trends  in  surface  temperature  mav  be  different  from  trends  in  miH-tmpnsphere  tenqperanire: 

Dr.  Michaels  next  contends  that  die  surface  tenperature  trends  should  be  die  same  as  the  MSU 
trends.  However,  before  noting  a  number  of  reasons  for  why  these  records  may  not  be 
identical  I  would  note  that  die  trends  deduced  £rcxn  satellite  data  over  land  are  not  too  dissimilar 
from  the  trends  deduced  from  land-surface  observations.  The  lack  of  an  observaUe  trend  in 
the  satellite  record  is  because  there  is  a  warming  over  land  areas  and  a  cooling  over  the  oceans. 
I  would  also  like  to  note  diat  if  the  affects  of  El-Nino  and  the  Ml  Pinatubo  enq)tion  are  taken 
out  oi  the  record  them  even  the  satellite  data  shows  a  warming  trend. 

There  are  a  number  of  reasons  why  diese  reconls  may  not  be  directly  cranparable. 

First,  recent  analyses  by  Hurdle  and  by  Jones  and  Santer  confirm  diat,  at  particular  locations, 
temperature  variations  at  the  surface  and  in  die  middle  troposphere  can  be  quite  different  While 
tropospheric  and  surface  temperatures  are  connected  under  many  weather  regimes,  they 
become  disconnected  under  the  many  weather  regimes  when  a  teiiq>erature  inversion  fanas 
(e.g.,  on  quiet  winter  nights  when  the  surface  tanpaaxun  cools  well  below  the  teaq>erature  of 
the  overlying  air  and  throughout  die  subtropics  where  die  descending  air  in  die  troposphere 
creates  a  near  surface  inversicm).  Analyses  of  the  global  pattenos  of  these  differences  suggest 
that  the  differences  are  largest  for  just  those  circuMon  patterns  when  warming  due  to 
greenhouse  gases  is  most  likely. 

Second,  differences  occur  because  sea  surface  tenq>eraturcs  are  relatively  stable.  Under 
wintertime  conditions  over  the  oceans,  the  mid-tiopospheric  temperature  measured  by  the  MSU 
instrument  can  vary  strongly  (e.g.,  in  the  region  of  the  Aleutian  low  pressure  system  where 
Pacific  starms  form),  wtule  the  sea  surface  temperatures  vary  only  fairly  slowly.  Thus, 
whereas  land  surface  temperatures  can  vary  more  than  tropospheric  temperatures,  sea  surface 
ten:q)eratures  will  vary  only  a  little.  Along  with  the  finding  that  over  land,  especially  in  the 
winter  and  on  summer  evenings,  the  surface  temperature  can  vary  much  mere  than  the  air 
tenq)erature,  these  differences  mean  that  surface  and  tropospheric  tenqxrature  measurements 
are  recording  quite  different  quantities. 

Third,  lower  stratospheric  ozone  depletion  is  likely  to  have  affected  die  mid-tropo^heric 
temperature  trends  more  than  the  siuface  temperate  trends.  Tlw  counter-arguments  of  Dr. 
Michaels  on  this  issue  are  again  highly  questionable  because  the  geographic  regicm  of 
maximum  ozone  depletion  does  not  have  to  coincide  direcdy  with  the  geographic  region  of 
maximum  affect  on  tropospheric  tenq>eratures. 

I  are  quite  confiised  about  why  Dr.  Michaels  plots  die  two  curves  with  an  offset— be  somehow 
seems  not  to  have  adjusted  to  a  common  reference  level  If  this  is  to  show  that  there  is  an  offset 
between  grrenhouse  gas  only  simulations  versus  die  new  simulations  including  sulfate  aerosols,  I 
agree.  WLcn  the  cooling  influence  of  aerosols  is  accounted  for,  the  two  curves  come  into  broad 
agreement  (recognizing  the  differences  in  the  two  quantities  discussed  earlier). 

To  more  properly  investigate  the  accuracy  of  model  simulations,  I  would  invite  Dr.  Michaels  to 
prepare  a  conqiarison  of  an  ensemble  of  die  newest  model  simulations  with  the  extended  reconl  of 
surface  temperature  changes.  It  is  such  a  comparison  that  has  been  relied  upoa  by  the  IPCC  and  led 
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to  their  conclusion  that  the  agreement  between  nx>del  results  and  observations  is  suggestive  of  a 
"discernible  human  influence  on  the  climate."  I  concur  with  this  JPCC  finding. 

2.  During  die  course  ol  tbc  hearing.  Dr.  Michaels  provided  a  chart  which  purponed  to  show  that  all 
of  the  temperature  change  fipcnn  1965  to  1994occurredinooeyear,  a  feature  which  noodels  cannot 
predict  Dr.  Michaels  implied  that  the  inability  of  OKxlels  to  predict  such  behavior  called  into 
question  their  use  for  policy  purposes.  Please  jaovide  your  own  views  oa  the  methodology  and 
inteipretadon  used  in  this  ch^  fuid  its  significance,  if  any,  to  the  validity  of  climate  models. 

Answer: 

Both  the  single  climate  models  and  the  General  Qiculation  Models  used  by  WCC  are  suitable  for 
policy  formulation.  The  fact  diat  diey  do  not  simulate  every  butap  and  wiggle  in  the  observational 
record  is  not  surprising  given  they  do  not  attempt  to  simulate  every  natural  phenomena  that  affects 
the  Earth's  climate  on  short  time  scales. 

First,  I  want  to  note  that  the  reccxd  that  Dr.  Michaels  showed  was  of  the  radiosonde  record,  which 
is  a  measure  of  the  free  troposphere  temperature.  As  indicated  in  my  answer  to  die  previous 
question,  this  record  may  not  be  exactly  the  same  as  the  surface  temperature  recod  and  it  has  likely 
been  affected  by  the  cooling  influence  of  the  lower  stratosphere  ozone  depletion  suppressing 
warming  in  the  last  part  of  die  record.  Widi  respect  to  die  statistical  analysis,  as  Dr.  Michaeb 
frequency  points  out,  there  is  considerable  natural  variability  from  one  year  to  the  next,  hence  one 
needs  to  be  very  careful  of  creating  break  points  at  particular  time  periods,  because  this  can  distort 
the  interpretation  of  the  record.  Interestingly,  this  is  precisely  what  I>.  Michaels  has  done  in  his 
analysis  of  the  chart  in  questim.  What  is  interesting  is  that  the  temperatures  stayed  elevated- 
unlike  natural  fluctuations,  the  average  did  not  return  to  its  pre-jump  level,  hinting  diat  this  is  likely 
a  human-induced  warming. 

Given  that  many  factors  influence  the  Earth's  teaq)erature,  and  most  models  do  not  attempt  to 
simulate  all  of  them,  tenq>erature  discontijiuities  should  not  be  unexpected.  Observations  suggest 
that  major  changes  in  circulation  can  occur  over  short  periods  and  persist  for  some  years.  Thus,  the 
climatic  regime  can  shift  into  drought  or  high  precipitation  conditions  in  Califixnia,  the  Sahd,  and 
other  regions  and  last  for  many  years  or  more.  There  are  suggestions  that  these  shifts  result  mainly 
from  changes  in  ocean  circulation,  which  can  shift  rather  dramatically  over  sh<Mt  periods  (e.g..  El 
Nino  events  in  the  Pacific  Ocean  and  interruption  o(  the  diermohaline  circulation  in  the  Nonh 
Adantic  Ocean).  Therefcxe,  at  certain  times  a  number  of  factors  (e.g.,  onset  of  an  ENSO  event, 
recovery  for  a  volcanic  eruption,  etc.)  could  all  affect  tenq)erature  in  the  same  direction.  These 
factors  would  be  superimposed  on  the  long-term  warming  trend  caused  by  greenhouse  gases. 

It  is  true  that  climate  models  that  include  only  the  atnoosphere  do  not  reproduce  large  interannual 
shifts  in  the  climate,  but  the  new  models  that  include  a  fully  dynamic  ocean  representation  are 
showing  rather  significant  shifts  in  the  climate  are  possible  over  short  periods.  That  die  natural 
climate  can  seemingly  relatively  easUy  shift  modes  should  not,  however,  make  us  con[^}lacent; 
radier,  we  should  be  very  concerned  that  human  influences  on  the  climate  might  lead  to  shifts  in  the 
climate  of  the  future  into  new  modes  to  which  society  is  not  well  adapted. 


3.  You  testified  that  the  IPCC  assessment  finds  that  aggregate  global  food  production  under 
projected  climate  change  ccxiditions  <'hould  be  able  to  keep  pace  with  peculation  growth  and 
nutritional  needs.  In  making  this  ^..yjection,  how  does  the  IPCC  take  into  account  the  increasing  air 
pollution  in  many  developing  countries,  soil  erosion  and  degradation,  competing  demands  for  land 
and  water,  growing  populations,  the  need  for  fertilizers,  sea  level  rise  onto  productive  river  delta 
lands,  and  other  factors  that  may  limit  the  availability  of  agriculture  to  shift  or  increase  production? 
What  is  the  range  of  uncertainty  of  this  projection  and  what  are  the  chances  that  the  actual 
consequences  could  be  much  worse? 
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Answer: 


The  IPCC's  rather  optimistic  assessment  that  overall  global  food  prodiictioo  can  rise  sufficiently  to 
provide  for  expected  population  and  economic  growdi  over  the  next  few  decades  is  based  oo  a 
combination  of  factors,  mcluding  improved  varieties  and  management  as  a  result  of  scientific 
research,  plus  the  physiological  benefits  to  crops  of  CO2  enrichment.  The  IPOC  ch^iter  concluded 
diat  on  the  whole,  new  studies  crf^  climate  change  impacts  on  agriculture  'sappott  the  evidence 
presented  in  the  first  IPCC  assessment  in  1990  that  global  agricultural  production  can  be 
maintained  relative  to  baseline  production  in  the  face  of  cliniate  changes  likely  to  occur  over  die 
next  century  (Le.,  in  die  range  of  1.0  to  4J  C)  but  that  regi(Mial  effects  will  vary  widely."  This 
broad  onclusion  was  q)ecifically  focused  on  the  marginal  effects  (rf^  climate  change  on  baseline 
productirai;  that  is,  climate  change,  itself,  was  not  judged  to  present  a  major  probtem  for  overall 
global  production  providing  that  those  regions  diat  beoMae  oooie  suitable  for  agricultural 
production  are  able  to  e^qiand  production  even  as  production  in  odier  regions  coatracts.  Further,  all 
areas  will  need  to  make  aijustments  in  the  variedes  of  crops  planted,  live^ock  raised,  and  the 
techniques  and  practices  used  in  production  (e.g.,  the  timing  of  field  operatioas,  amount  of 
irrigation,  tillage  pracdces). 

However,  the  key  issue  may  not  be  global  food  production,  but  regional  food  productirai.   Areas 
where  climate  change  reduces  food  production  potential  may  face  production  declines  even  if  all 
econmiically  practical  adaptations  are  made.  Ais  the  IPCC  enqihasuees.  poorer  pcqiulations  in 
regions  negatively  affected  by  climate  change  are  most  vulnerable  to  dke  more  serious 
consequences  of  hunger  and  famine.  Thus,  there  will  be  losers  as  well  as  winners  in  the  {socess  of 
climate  change.  The  Ukely  winners  will  be  some  <^  the  industrialized  countries  of  the  nordiem 
hemisphere's  cool  tenq>eraie  zones  (including  such  countries  as  Canada  and  Russia).  The  likely 
losers,  on  the  other  hand,  will  be  countries  in  the  tropics  and  subtropics,  particularly  those  with 
semiarid  and  arid  regions  located  inland.  In  such  areas,  increasing  frequency,  duration,  and 
severity  of  drought  as  well  as  of  heat  spells  may  cause  instability  and  crop  failures.  The  areas  in 
question  include  not  only  most  of  Afiica  and  parts  of  Asia  and  So^  Airerica,  but  also  the 
Southern  Great  Plains  of  the  USA.  The  regional  effects  could  be  very  strong  even  in  die  United 
States,  with  some  current  farming  areas  \iosotmng  unproductive  without  major  new  investments  in 
irrigation  (and  assuming  water  supplies  are  available).  Hence,  America  may  lose  its  capacity  to 
produce  large  grain  surpluses,  and  to  offer  diem  to  the  hungry  nations.  This  is  particulariy 
important  because  the  econcmiic  gap  between  the  developed  (indusoialized)  countries,  and  die 
developing  nations  (especially  in  Africa)  is  likely  to  widen.  The  devdoping  nations  may  well  suffer 
more  episodes  of  famine,  thereby  generating  greatly  increased  numbers  of  environmental  refugees. 
As  a  consequence,  the  developing  nations  vnll  become  increasing  dependent  on  die  largess  ^  the 
rich  nations  just  when  their  production  may  be  somewhat  limitpH  due  to  climate  change. 

An  important  limitation  of  die  IPCC  effort  was  diat  it  was  not  able  to  indqiendendy  assess  the 
many  environment,  resource,  and  technology  factors  that  may  lead  to  either  increases  ch-  greater 
constraints  on  production  in  the  future.  However,  climate  changes  will  certainly  exacerbate 
worrisome  trends  of  denudation  and  land  degradation  (including  erosion)  in  most  semiarid  and  arid 
regions,  where  population  growth  exerts  increasing  pressure  on  fragile  and  limited  soil  and  water 
resources.  Sea-level  rise  wUl  direaten  the  productivity  of  low-lying  coastal  zones  such  as  the  Nik 
Delta  of  Egypt,  Bangladesh,  island  nations,  and  even  parts  (^  die  US  (Fkirida  and  die  Mississippi 
Delta). 

The  IPCC  also  noted  diat  the  baseline  agricultural  production  for  their  «eriin«t^  (what  agricultural 
production  will  be  in  die  future  if  climate  change  did  not  ocon-)  is  widely  debated.  The  IPCC 
reviewed  the  studies  of  agricultural  experts  from  die  Worlu  Jank,  the  UN  Food  and  Agriculture 
Organization,  and  the  International  Food  Policy  Research  Institute  that  project  worid  food 
production  into  the  future.  Each  oi  diese  projections  show,  in  the  absence  of  climate  change, 
increasing  worid  food  availability  in  the  fiiture  with  production  expanding  faster  dian  papvlatioa 
and  world  commodity  prices  falling.  A  limitation  of  these  studies  is  that  they  only  extend  to  the 
year  2010  or  2020.  C>ther  studies  are  less  optimistic,  citing  limits  oo  further  land  expansion  and 
4 


1120 


irrigation,  lesouroe  degradaticm,  and  reduced  ccnfidence  diat  die  historical  rates  of  inczease  in  yield 
will  continue. 

Factors  that  will  determine  whether  agricultural  simply  can  keq)  pace  with  demand  include:  (1) 
how  fast  demand  grows  in  response  to  population  and  economic  factoid  (2)  the  future  availability 
and  quality  of  land,  (3)  the  future  availability  of  water,  and  (4)  whether  im^novements  in 
technology  will  continue  to  result  in  r^id  yield  growdi.  Further,  economic  growdi  and 
development  are  closely  tied  to  demand  growth  and,  in  many  developing  countries,  are  also 
depemknt  c«  agricultural  development.  Considering  each  of  these  issues  separately: 

•  Demand  growth.  Between  1950  and  1990,  world  population  grew  at  a  2.25%  compound 
annual  rate.  Through  2025,  population  is  projected  to  grow  at  a  axopound  annual  rate  of 
between  1.13%  and  1.55%  (high  and  low  UN  variants).  The  decade  of  the  1990s  is 
projected  to  have  the  largest  absolute  population  additicm,  with  declining  additions  in 
subsequent  decades.  Thus,  growth  in  food  supply  could  slow  by  40  to  50  percent  bom 
recent  decades  while  maintaining  per  capita  food  production  Irvels.  Income  growth  will  likely 
cause  demand  to  grow  more  rapidly  than  population  and  will  change  the  conqiosition  of 
demand,  most  likely  away  from  food  grains  and  toward  meat,  fruits,  and  vegetables.  The 
shift  to  meat  is  likely  to  increase  the  demand  for  grain  for  livestock  feed.  Increased  demand 
generated  by  increased  inconoe  growth  would  allow  mrae  and  hi^er  quality  food  to  be 
consumed  per  capita  but  this  depends  on  how  food  consultation  is  distributed.  Beyond 
2025,  population  growth  is  generally  projected  to  be  reduced  because  wodd  population  is 
projected  to  stabilize  by  around  2075,  but  this  is  an  assumption  that  may  be  optimistic. 

•  Land  quantity  and  quality.  Some  estimates  suggest  that  there  is  much  potentially-availatde 
land,  but  the  cost  of  bringing  it  under  production  may  be  high  widi  attendant  adverse 
environmental  impacts  Imiiting  expansion.  Intensificaticn  c^  production  on  existing  crc^land 
may  worsen  land  degradation  and  put  additional  pressure  on  water  and  soil  resources.  Firm 
data  on  tiie  extent  and  severity  of  land  degradation  and  its  impact  on  production  potential  for 
most  oi  the  world  are  not  available,  but  the  recent  overview,  although  still  qualitative  in 
economic  terms,  confirms  significant  degradation  and  loss  of  araUe  land,  especially  in 
Afiica.  Studies  disagree  on  the  extent  to  which  intensification  ci  use  affects  land  degradaticKi. 
Competition  for  agricultural  resources  for  other  uses  may  also  affect  the  supply  and  jnice  of 
land  for  agriculture.  Carbon  sequestration,  biomass  energy  [iroduction,  forest  produa 
production,  the  potential  development  of  new  non-food  agricultural  products,  and  removal  c^ 
agricultural  land  from  production  for  otiier  environmental  objectives  will  all  likely  affect  the 
amount  of  land  available  far  food  production. 

•  Water  supply  and  irrigation.  Irrigation  has  contributed  significantly  to  increased  production  in 
the  past  Currendy.  17%  (253  nullion  hectares)  of  global  cropland  is  irrigated,  iHit  this  17% 
of  land  accounts  for  noore  than  one-third  of  total  workl  food  production.  An  estimated 
additional  1 37  million  hectares  have  the  potential  to  be  irrigated,  but  the  cost  of  doing  so  may 
be  prt^bitive.  Current  water  systems  in  many  developing  countries  achieve  low  efficiencies 
of  water  distribution,  and  average  crop  yields  are  well  below  potential.  There  are 
environmental  and  health-related  effects  of  irrigation  such  as  soil  salinizatioii  and  the  qnead 
of  water-borne  diseases  that  may  limit  further  expansion.  Major  factors  contributing  to  these 
irrigation  problems  in  both  developing  and  developed  countries  are:  un-priced  and  heavily 
subsidized  water  resources;  inadequate  planning,  construction  and  maintenance  of  water 
systems;  unassigned  water  rights  ot  rules  that  limit  die  transfer  of  rights;  and  conflicts 
between  development  and  distribution  goals.  Solutions  to  these  problems  are  available  in 
most  cases  and  a  recent  study  found  that  investments  in  irrigation  have  been  at  least  as 
profitable  as  investments  in  other  agricultural  enterprises.  Qiangcs  in  potentL  1  jrigatioo 
water  supply  due  to  climate  change  have  not,  with  few  exceptions,  generally  been  integrated 
into  agricultural  intact  studies. 

•  Future  yield  growth.  Assumed  coatinuatioo  ol  yieid  increases  due  to  improving  technology 
and  further  adc^tion  ctf  existing  technologies  is  uncertain.  Gaps  between  actual  attd  potential 
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I        yield  are  cited  as  evidence  (^  unexploited  pnxluction  potential  but  potential  yields  are  rarely, 
if  ever,  anained  in  practice.  Realization  <rf  improved  varieties  depaids  on  continuation  of 
agricultural  research  and  crop  breeding  systems  and  the  exchange  of  gemplasm. 

•  Future  economic  development.  The  inq)act  of  climate  change  on  human  populations  in  terms 
of  famine,  chronic  hunger,  health,  and  nutrition  will  depewl  on  how  and  whether  cumendy 
poor  areas  develop  over  the  next  20  to  SO  years.  The  future  path  of  developnoent  d  cunendy 
vulnerable  countries  remains  uncertain.  Policy  failures,  wars,  and  political  and  civil  unrest 
are  identified  causes,  but  correcting  these  problems  has  proven  difficult  Lagging  agricultural 
development  has  beoi  identified  as  a  owsequence  of  significant  policy  distortions  in  many 
developing  countries,  conflicting  with  the  industrial  sector,  and  limiting  the  at^ty  of  the 
broader  economy  to  grow. 

The  challenges  presented  by  mm-climate  change  factors  to  future  agricultural  production  are 
immense.  Basic  data  on  the  current  extent  ol  soil  degradation  on  crc^  production,  the  use  of 
pesticides  and  chemicals,  and  the  production  practices  used  in  different  parts  of  the  worid  are  poor 
or  anecdotaL  Thus,  projecting  the  effect  of  possible  additional  degradation  and  polluti(»  problems 
on  agricultural  production  is  far  firom  certain.  Whether  the  challenge  <^  meeting  future  world  food 
needs  is  met  will  depend  on  the  world's  ccHnmitment  to  agricultural  research,  particularly  research 
that  contributes  to  yield  growth  while  maintaining  resource  quality,  to  conrecting  agricultural  and 
resource  policies  that  distcat  individual  incentives  and  contribute  to  misuse  of  resources,  and  to 
efforts  to  ensure  that  the  poor  have  die  mcococ  or  other  rights  to  food.  Optimism  in  this  regard  is 
largely  based  on  the  obsovation  that,  historically,  agriculture  and  agricultural  research  have 
responded  to  the  challenge  of  a  rapicUy  growing  pqpulation.  Major  modeling  studies  assume  a 
continuation  of  those  historical  trends.  In  fact,  these  trends  dq)aid  on  continued  commitment  of 
resources  by  private  firms  and  the  public  toward  solving  the  tectmical.  economic,  resource,  and 
environmental  problems  we  know  exist  today  and  those  oi  which  we  are  ikx  yet  aware.  Thus, 
whether  world  food  production  is  adequate  in  the  future  is  only  secondarily  an  exercise  in 
projection;  it  depends  in  large  part  on  what  we  choose  to  do.  F^rojecting  what  these  choices  will  be 
was  beyond  the  scope  of  the  IPCC  assessment  and  therefore  the  relatively  optimistic  IPCC 
projections  must  be  understood  to  be  focusing  on  a  relatively  narrow  aspea  of  matters  relating  to 
the  world's  ability  to  feed  itself. 

4.  Dr.  Michaels  testified  that  the  climate  models  most  heavily  cited  by  die  IPCC  1992 
supplementary  report  on  climate  change  were  known  to  contain  large  emas  at  die  time  of  adopticm 
of  the  Framework  Convention  on  Climate  Change  and  that  such  eirors  were  not  disclosed  widi  the 
result  that  the  model's  uncertainties  were  not  considered  in  die  debate  sunounding  diis  issue. 
Please  respond  to  this  statement 

Answer: 

The  accusation  of  Dr.  Michael  is  coo^letely  unfounded.  The  1992  IPCC  assessment  carefully 
described  how  the  models  performed,  including  what  the  models  can  and  cannot  do.  The  large 
majcHity  of  scientists,  unlike  Dr.  Michaels,  believe  diat  the  GCMs  are  quite  good  in  simulating 
many  features  of  the  current  climate  system,  hence  are  useful  for  policy  fwmulation.  The 
assessment  showed  how  the  models  are  quite  good  in  simulating  climate  at  large  q>atial  scales,  but 
not  at  small  spatial  scales. 

The  1992  EPCC  assessment  used  a  wide  variety  of  naodels  to  project  climate  change,  including  then 
newly  developed  coupled  ocean-atmosphere  GCMs  firan  the  Geophysics  Fluid  Dynamics 
LaboratOTy  GJSA),  Max  Plank  Institute  (Germany),  National  Center  Atmospheric  Research 
(USA),  and  United  Kingdom  Meteorological  OfBce  (England).  These  coupled  ocean-atmo^here 
GCMs  were  used  to  perform  transient  Le.,  time  dependent  calculations.  In  addition,  eight 
atmospheric  GCMs  and  mixed-layer  ocean  models  were  used  to  perform  equilibrium  calculations. 
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Given  the  questkm  I  will  not  summarize  what  the  1992 IPCX^  assessment  stated  about  the  good 
qualities  of  the  models.  I  will  just  summarize  a  few  oi  the  limitations  noted  in  the  1992 IPCC 
assessment,  thus  clearly  demonstrating  that  I>r.  Michael's  accusations  are  unfounded.  The 
assessment  described  key  uncertainties  and  limitations,  iiKluding  a  section  oo  systematic  enxn^  and 
model  interc(xiq)arisoQS. 

Quoting  from  die  very  first  page  of  text  (and  flien  including  comments  in  brackets^here  the  IPCC 
findings  are  snmmarizf^d  in  a  section  entitled  "Our  Maior  Conclusions:" 

•  "the  evidence  from  the  modeling  studies,  from  observatioiis  and  the  sensitivity  analyses 
indicfltr  that  die  sensitivity  of  global  ixiean  surface  teQq)eranoe  to  douUing  C02  is  unlikely  to 
lie  outside  the  range  l.S  to  4.S  C  (page  S,  column  1)  [This  is  an  indication  of  bow  the 
climiate  would  respond  to  a  change  in  (xily  C02  under  the  idealized  situation  of  a  doubling 
and  a  coming  to  equilibrium;  note  that  a  Inoad  range  is  described,  and  even  this  range  is 
caveated.] 

•  *'there  are  many  imcertaindes  in  our  predictions  particulariy  widi  regard  to  die  timing, 
magnitude  and  regional  patterns  of  climate  change."  (page  S,  column  2)  [Tbe  models  at  any 
given  time  seek  to  represent  our  best  understanding;  tibat  this  is  incomplete  is  acknowledged 
by  indicating  that  uncertainties  exist  Where  there  are  inconsistencies  with  observations  or 
other  evidence  is  where  efforts  are  most  intensively  made  to  further  improve  the  models.  Dr. 
Michi^ls  use  of  the  word  "errors"  implies  diat  mistakes  are  intentumally  being  left  in  the 
models,  and  this  is  simply  not  the  case;  models  are  not  perfect,  but  they  do  many  things  well. 
The  IPCC  report  clearly  acknowledged  this.] 

•  "global  mean  surface  air  temperature  has  increased  by  0.3  to  0.6  C  over  tbe  last  100  years." 
(page  5,  column  2). 

•  "the  size  of  this  warming  is  broadly  consistent  widi  predictions  of  climate  models,  but  it  is 
also  of  the  same  magnitude  as  naniral  climate  variability.  Thus  tbe  observed  increase  could  be 
largely  due  to  this  natural  variability;  alternatively  this  variability  and  other  human  factors 
could  have  offset  a  still  larger  human-induced  greenhouse  warming."  (page  5,  column  2) 
[This  statement  puts  forth  two  possibilities,  including  that  this  could  be  largely  natural.  It  was 
prescient  in  suggesting  that  other  human  factors  could  be  offsetting  some  <rf  the  warming; 
while  aerosols  were  recognized  as  possibly  being  such  a  factor,  it  took  another  three  years  to 
confirm  this  through  modeling  studies  due  to  the  difficulties  of  quantifying  the  sulfate  aoosol 
effects.] 

•  "the  unequivocal  detection  of  the  enhanced  greenhouse  effect  from  observations  is  not  likely 
for  a  decade  or  more."  (page  5,  column  2)  [This  statement  remains  accurate:  die  level  of 
detection  in  the  1995  report  was  stated  to  be  suggested  by  the  evidence-it  will  take  several 
more  years  to  be  truly  unequivocal] 

•  "The  cooling  effect  of  aerosols  resulting  from  sulfur  emissions  may  have  offset  a  significant 
part  of  the  greenhouse  warming  in  the  Northern  Hemisphere  during  the  past  several  decades. 
Although  this  phenomenon  was  recognized  in  1990,  some  progress  has  been  mad  in 
quantifying  its  effect"  (page  5,  column  2)  [This  statonent  ckariy  indicates  why  die  warming 
in  the  Nortiiero  Hemisphere  may  be  suppressed.] 

Owoting  from  the  Summary  for  Policymakgrs 

•  There  has  been  some  clarification  of  die  nature  of  water  vi^ior  feedback,  although  the 
radiative  effects  of  clouds  and  related  processes  continue  to  be  the  maJOT  source  of 
uncertainty  and  there  remain  uncertainties  in  the  predicted  changes  in  upper  tn^iospheric 
water  vap<H-  in  the  tropics.  Biolo^cal  feedbacks  have  not  yet  bMn  taken  into  account  in 
simulations  of  climate  change"  fntis  statement  cleariy  recognizes  uncertainties  exist] 
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•  "Confidence  in  regicmal  climate  patterns  based  directly  pn  GCM  output  remains  low  and  there 
is  no  consistent  evidence  regarding  changes  in  variability  or  stonniness"  [this  statement  is 
self-evident].   ,  ■         , 

'  ■  '         ' 

Quoting  fipom  the  Executiv*'  qimmarv  of  StttiOl  B  (ClimatC  Modcling.  Qmm  Pffjd'cti""  «"tl 
Model  Validation): 

•  "there  have  been  inqnovements  in  the  accuracy  of  individual  atmosidienc  and  oceanic  GCMs, 
although  the  ranges  of  inter  modal  enor  and  sensitivi^  remain  large"  [this  statement  is  self- 
evident]. 

•  "although  confidence  in  the  regional  changes  simulated  by  GCMs  remains  low,  progress  in 
the  simulation  of  regional  climate  is  being  obtained  with  both  statistical  and  one-way  nested 
model  techniques"  [this  statement  recognizes  that  progress  needs  to  be  made  to  rectify 
uncertainties]. 

•  "the  effects  of  clouds  remain  a  major  area  (rf  uncertainty  in  the  modeling  erf' climate  change. 
While  the  treatment  of  clouds  in  GCMs  is  becoming  more  coDq>lex.  a  clear  understanding  of 
the  consequences  of  different  cloud  parameterizations  has  not  yet  oneiged"  [this  statement  is 
self-evident]. 

•  "....there  may  be  difficulties  with  die  treatments  of  iq)per-level  water  vapor  in  cuirent 
models"  [this  statement  is  self-evident]. 

Quoting  from  a  subsection  on  "Modeling"  includes  the  following: 

•  'Transient  (time-dependent)  simulations  with  coupled  ocean-atnoospbere  noodels  (CGCMs), 
in  which  neither  aerosols  not  ozone  changes  have  been  included,  suggest  a  rate  of  warming 
that  is  consistent,  within  die  range  ot  uncertainties,  widi  the  0.3  C  per  decade  warming  rate 
quoted  by  IPCC  (1990)  fm  Scenario  A  oi  greenhouse  gas  emissicMis."  (page  6,  column  1) 
[This  seems  a  clear  statement  that  the  prediction  is  for  what  would  happen  with  greenhouse 
gases  only,  and  should  not  be  used  for  comparisoo  with  how  the  real  world  is  changing  in 
response  to  the  sevoal  factors  acting  together.] 

In  a  box  explaining  how  to  understand  and  inteipret  model  result,  the  fc^wing  appears  under  a 
heading  entitled  "Do  GCMs  predict  fiiture  climate?" 

•  'To  make  a  prediction  of  future  climate  it  is  necessary  to  fulfill  two  conditions:  (a)  include  all 
of  the  major  human  and  natural  factors  known  to  affect  climate,  and  (b)  predict  ^  future 
magnitudes  of  atmospheric  concentrations  of  greenhouse  gases.  So  far,  GCMs  (and 
OGCMs)  have  included  only  radiative  fencing  induced  by  greenhouse  gases,  and  therefore 
their  results  relate  only  to  the  greenhouse  gas  oonqxxient  of  climate  change."  (page  16)  [This 
seems  to  make  it  very  dear  that  the  IPCC  results  are  not  predictions,  but  sensitivity  studies  oi 
the  future  response  to  greenhouse  gases  only.  These  are  of  particular  interest  because  the 
greenhouse  gases  tend  to  have  very  long  lifetimes  in  die  atmosphere  and  so  will  exert  dieir 
influence  over  a  long  time  as  other  factors  are  diminished,  but  it  is  certainly  clear  to  any 
reasonably  attentive  reader  that  the  IPCC  results  are  not  actual  predictions.] 

These  cautionary  quotes  are  from  the  highly  abbreviated  summary;  the  full  IPCC  rqKVt  goes  into 
these  points  in  much  fuller  detaiL  Dr.  Mwhaels  is  simply  wrong  that  the  uncertainties  were  not 
disclosed  and  is  similariy  wrong  that  the  nations  at  die  Rio  conference  were  not  aware  of  theoL 
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S.  Dr.  Michaels  tesitilied  that  in  1992,  in  association  with  the  signing  of  the  Rio  Treaty,  Congress 
was  knowingly  misled  by  witnesses  who  withheld  information  regarding  known  errors  in  key 
models.  Please  refund  to  this  statement 

Answer:  This  charge  is  unsupported  by  any  specific  evidence  (even  a  citing  of  a  bearing,  much 
less  a  wimess)  and  is  directly  contradicted  by  die  carefully  drawn  statements  in  the  IPCC 
assessments  that  have  been  the  basis  for  all  statements  by  US  officials  on  the  issue  crf^  climate 
change.  We  can  assure  the  committee  that  the  agencies  (^  the  US  government,  along  with  scientists 
and  policy  analysts  from  many  countries  throughout  the  worid,  very  thoroughly  review  and 
critique  the  IPCC  reports,  learning  intimately  about  what  is  known,  not  known,  and  imcertain.  In 
recognition  of  the  limited  understanding,  the  IPCC  results  are  given  in  very  broad  ranges  diat 
consider  several  wide-ranging  scenarios  of  future  emissions  and  a  broad  range  of  estimates  of  the 
sensidvity  of  climate  models-there  is  no  aixctnpt  to  hide  the  uncertainties  in  scientific 
understanding  in  the  government  or  IPCC  results.  However,  when  Dr.  Michaels  presents  the 
IPCC  results,  he  seems  to  focus  on  only  one  of  the  simulations  rather  than  on  the  IPCC's  broad 
band  of  estimates  (see  die  answer  to  the  preceding  question)-he  is  simply  misrepresenting  the 
IPCC  findings  and  the  sophistication  of  those  who  utilize  the  IPCC  results.  Fch*  many  nations,  it  is 
also  the  uncertainties  diat  strengthen  the  calls  for  action— they  were  cleariy  aware  of  the  IPCC 
results.  In  no  way  was  Congress  or  the  public  or  governments  misled-it  is  Dr.  Michaels  who  is 
doing  the  misleading. 


6.  Several  witnesses  have  alluded  to  critical  research  programs  needed  to  resolve  the  remaining 
uncertainties  in  the  global  warming  theory.  Please  comment  on  die  role  and  importance  of  the 
following  programs  and  pending  Congressional  proposals: 


Program 


NOAA's  Gimate  and  Global  Oiange  Program 

NOAA's  High  Performance  (]oii^>uting  Program 
EPA  Global  Change  Research 

DOE  Biological  and  Environmuital  Research 


NASA  Mission  to  Planet  Earth 


Proposal 


Terminate  program  in  its  current  form 
and  restrict  all  NOAA  research  to 
seasonal  and  interannual  variatnlity 
(H.R.  2043) 

Terminate  program  (HJL  2043) 

Terminate  program  with  closeout 
costs,  a  reduction  <^  $20  million  firom 
request  level  of  $22  millicm  (HJH. 
1814) 

Terminate  Marine  Tran^iort  for  Ocean 
Margins  Program,  Ecosystem  Functioning 
and  Response  program.  Computer 
Hardware,  Advanced  Mathematics  and  Model 
Physics  program.  World  Ocean  (Circulation 
Experiment,  National  Institute  for  Global 
Envinmmental  Change,  and  freeze  at  FY  95 
levels  the  Atmospheric  Radiation 
Measurement  Program  (H.R.  1816) 

DeL  /  indefinitely  the  PM  and  Chem 
platforms  of  the  Earth  Observing  System, 
terminate  the  TOPEX  FoUow-on  mission 
(H.R.2043) 
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Answer: 


Dr.  Robot  Corell,  the  Chair  ol  die  Suboommittee  on  Global  Change  Research  has  provided  a 
doailed  answer  to  this  question  with  respect  to  the  individual  programs  and  dieir  cootribudons. 
From  the  overall  perspective,  the  Administration  position  is  diat  the  potential  for  disturbing  the 
global  environment  on  which  global  commerce  and  societies  have  become  heavily  dependent  is  a 
very  serious  matter  diat  deserves  to  be  investigated  aggressively  to  better  determine  bow  large  die 
changes  may  be,  how  rapidly  they  may  occur,  what  dieir  significance  to  society  may  be,  and  what 
options  exist  for  responding.  It  is  becuise  of  die  inqiortance  of  this  issue  that  the  President  is 
proposing  diat  the  USGCRP  be  continued  aggressively,  even  in  the  face  of  budgetary  pressures. 
The  environment  diat  we  will  leave  to  our  children  and  grandchildren  is  as  important,  or  even  mrae 
important,  than  the  econonic  inheritance  that  we  leave  for  them  in  diat  we  can  wotk  to  modify  die 
economic  situation,  but  die  changes  to  the  global  environment  can  be  virtually  irreversible. 

Given  the  great  inqxntance  of  diis  issue,  the  Administration  believes  dut  the  best  way  to  pursue  a 
research  program  on  diis  complex  issue  is  to  have  die  several  agencies  each  bringing  dieir  expotise 
to  bear,  wor^g  together  on  major  programs  and  looking  intetisely  at  uncertainties  and  unknowns 
to  determine  their  inqiortance  aiiid  how  to  resolve  them.  It  is  because  d  the  strengdi  coming  from 
the  diversity  of  agencies  that  the  US  offers  the  most  thorough-going  contribudons  and  die  most 
intense  peer  review  of  the  intemadonal  assessments  of  any  nation.  While  research  programs  do  not 
tell  policy  makers  in  which  directions  to  move,  a  strong  research  program  is  nx>st  certainly  the  best 
approach  for  infonrdng  policymakers,  thus  protecting  the  nadons  cf  the  world  from  moving  in 
unproductive  directions. 


ADDITIONAL  QUESTION  FOR  THE  RECORD 

JOINTLY  FOR  DR.  WATSON  AND  DR.  NIERENBERG 

(this  is  the  answer  of  R.  Watson— unable  to  reach  Dr.  Nisvnberg) 

During  die  course  a[  the  hearing,  the  point  was  made  diat  die  lifetime  for  CQ2  is  coo^lex  in  nature 
and  may  be  composed  of  several  time  constants  ranging  from  2  years  to  500  years. 

Background: 

Befcve  proceeding,  it  is  important  to  define  die  terms  being  used  because  they  are  sometimes  used 
differently  and  this  sometimes  causes  misinterpretations.  As  used  below,  "residence  dime"  is  used 
to  mean  the  average  time  that  an  individual  carbon  atom  (usually  tied  up  in  a  molecule  of  carbon 
dioxide-C02)  resides  in  a  particular  carbon  reservoir  (Le.,  in  Ae  atmosphere,  in  living  vegetation, 
etc.)  and  the  term  "lifetime"  is  used  to  mean  the  time  that  it  takes  for  die  decaying  away  to  the 
original  state  after  an  increase  in  the  total  number  of  carbon  atoms  in  a  reservoir.  In  general,  the 
residence  time  of  a  particular  molecule  is  much,  much  less  than  die  lifetime  of  the  excess 
concentration  because  the  residence  time  of  an  individual  car1x>n  atom  is  affected  by  die  total  value 
of  the  fluxes  of  carbcMi  into  and  out  of  reservoirs  whereas  the  lifetime  of  the  excess  carbon 
concentration  is  affected  by  the  differences  in  the  fluxes  in  and  out  of  the  reservoir.  A  typical  way 
in  which  these  terms  are  confused  occurs  when  an  attempt  is  made  to  determine  the  residence  time 
of  carbon  by  analyzing  the  radionuclide  concentrations  induced  by  nuclear  tests  in  the  19608. 
Because  thoe  are  no  atoms  of  bomb-induced  radiocarbon  in  the  vegetation  or  ocean  reservors  (and 
because  natural  carbon  14  atoms  decay  to  carbon  12  over  time),  what  these  analyses  provide  is  an 
estimate  c^  the  residence  time  of  particular  carbon- 14  atoms  in  die  atmo^here  and  .^  the  lifetime 
of  excess  carbon  from  fossil  fuels. 

While  some  early  models  used  a  few  decades  ago  were  formulated  in  terms  of  fixed  lifetimes  for 
excess  carbon  concentrations,  this  is  only  even  partially  valid  if  trends  (^  emissions  and  other 
factors  are  unchanged  over  time.  Because  this  is  typically  not  the  case,  models  used  at  present  are 
10 
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fonnulated  to  represent  in  detail  the  particular  exchange  processes  that  take  csitxm  fixxn  one 
resCTvoir  to  another  (e.g.,  from  the  atmosphere  to  die  vegetation  ot  to  die  oceans).  These 
exchanges  are  dependent  on  what  the  actual  conditions  are  (e,g.,  on  the  rate  of  emissions,  on  die 
amount  of  vegetation,  on  the  teDq>eniture  and  wind  speed,  on  the  rate  of  transfer  of  upper  ocean 
water  to  die  deep  ocean,  ac.).  Because  of  die  diverse  set  ci  processes  and  their  dependence  cm 
conditions,  die  effective  residence  times  and  lifetimes  for  carbon  vary  depending  on  the  case  being 
studies  as  well  as  on  bow  particular  models  represent  particular  processes.  While  most  models  give 
similar  results,  the  estimates  given  below  are  based  on  die  ocean  iiiqiulse  re^xxise  function 
n<lni>at<v<  {or  the  Hamburg  ocean  general  circulation  model  by  Maier-Reimer  and  Hasselmann  in 
Climate  Dynamics  2, 63-90. 1987. 

a:         Recognizing  diat  a  single  time  constant  may  misrqnesent  the  actual  case,  what  fraction  of 
CX)2  will  remain  in  die  atmosphere  after  say,  S  years,  SO  years,  and  SOO  years?  How  does  diis 
depend  on  the  growth  rate  for  emissions? 

Answer: 

Assuming  neither  large  uptake  of  CO2  by,  nor  large  losses  of  carbon  from,  changes  of  die  carbon 
stored  in  trees  and  soils,  as  well  as  no  significant  changes  in  ocean  circulation,  the  model  results 
suggest  that,  for  any  sudden  input  of  CC^  into  the  etmosphere,  the  fracti<m  remaining  there  is 
about  85%  after  5  years,  about  55%  after  50  years,  and  about  20%  after  500  years.  These  numbers 
do  depend  on  the  rate  at  which  the  CO2  emissions  are  growing. 

-  If  the  emissions  have  a  sustained  rate  of  increase  of  1%  per  year,  the  atmospheric  burden 
would  increase  by  about  0.5%  per  year,  the  rest  going  into  vegetation,  soils,  and  oceans. 
Then,  if  those  emissions  are  suddenly  stopped,  the  fi^iction  remaining  in  the  atmosphere  would 
drop  from  50%  after  one  year  to  48%  after  5  years,  38%  after  50  years,  and  to  18%  after  500 
years. 

-  If  the  emissions  would  grow  steadily  at  2%  per  year,  die  atmospheric  burden  would  increase 
by  about  1 .2%  per  year.  Then,  if  those  emissions  stopped,  the  fraction  remaining  in  the 
atmosphere  would  drop  fixxn  60%  after  one  year  to  56%  after  5  years,  42%  after  50  years,  and 
to  18%  after  500  years. 

Thus,  the  faster  the  growth  rate,  the  more  will  remain  in  die  atmosphere  in  the  initial  period;  after 
long  periods,  the  fraction  aloft  would  be  the  same  given  reasonable  variations  in  the  rate  of 
emissions. 

b.         What  was  the  consensus  CO2  lifetime  used  in  the  IPCC  assessments?  Are  there  models  or 
Hata  sets  wtuch  may  argue  strongly  for  a  different  basis? 

Answer: 

As  indicated  above,  it  is  not  really  appropriate  to  speak  in  terms  of  lifetimes  for  CO2  because 
whatever  estimate  is  used  depends  on  so  many  factors.  There  is  no  major  controversy  over  the 
decay  profiles  for  carbon  dioxide:  most  simple  carbon  models  and  GCMs  give  similar  results. 

What  has  been  done  is  to  use  the  models  to  calculate  relative  effects  oi  CO2  emissions  to  those  of 
odier  gases  over  different  time  periods.  Thus,  a  proper  description  of  this  comparison  exercise 
would  be  to  say  that  it  is  looking  at  the  "time  horizon"  beyond  which  die  effects  are  no  longer 
considered  to  be  the  responsibility  of  current  generations  rather  than  considering  lifetinaes.  Because 
002  is  not  really  chemically  decomposed  like  other  greenhouse  gases  (and  so  its  concentration 
remains  elevated  in  the  atmosphere  for  a  very  long  time),  its  relative  impact  compared  to  other 
greenhouse  gases  depends  on  how  much  importance  is  attached  to  effects  in  the  distant  versus 
near-term  future.  This  is  essentially  a  political  and  social  choice.  Therefore,  IPCC  made 
con^arisons  for  different  CO2  time  horizons.  These  comparisons  ^ow  that  CXh,  while  it 
currendy  accounts  for  somewhat  over  half  of  the  greenhouse  effect,  becomes  relatively  even  wok 
inqxirtant  the  further  one  looks  into  the  future. 
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c.  Of  die  ai]x>unt  of  anthropogenic  CX)2  put  into  die  amioapbae  today,  what  fraction  will 
essentially  never  go  away  (Le.,  be  diere  1000  years  frcMn  now)? 

Answer: 

Assuming  that  die  amount  of  carbon  in  trees  and  soils  do  not  change  appieciaUy.  about  15%  of 
today's  emissions  will  essentially  "never"  go  away.  This  "permanent"  fraction  will  slowly  increase 
as  emissions  ci  C02  continue  because  the  ocean's  neutralizing  capacity  for  CO2  will  eventually 
become  exhausted 

d.  What  additional  wok  must  be  done  to  better  characterize  the  CO2  lifetime? 
Answer: 

There  are  no  significant  mysteries  in  the  concepts  of  lifetime  or  time  horizoiL  The  crucial 
uncertainty  is  in  how  the  terrestrial  biosphere  will  respond  to  changes  in  climate  and  atmospheric 
levels  of  carbon  dioxide.  Storage  of  carbon  in  trees  and  soils  could  either  mitigate  or  exacerbate 
future  greenhouse  forcing  due  to  fossil  fuel  emissions  of  CO2.  Secondarily,  climate  change  is 
likely  to  affect  ocean  ciroilation,  which  at  the  very  least  would  impact  the  rate  at  which  the  oceans 
can  absorb  the  major  portion  oi  die  CX)2  emissioas. 

e.  What  fraction  of  long  residence  CX^  (say,  that  remaining  after  500  years)  would  suggest 
that  actions  be  taken  now  ra&er  than  a  'Vait  and  see"  policy? 

Answer: 

This  question  is  a  social/politk»l  radier  than  a  scientific  choice.  Many  would  argue  that  we  know 
more  than  enough  atx>ut  the  long-term  aspects  of  CX)^  cmis-sions  and  the  atmo^heric  build-up  to 
include  it  at  the  top  of  ^  list  <rf  issues  deserving  serious  coosideratiou  by  policy  makers.  In  diis 
consideration,  an  important  point  is  diat  cost-effective  actions  are  possible,  especially  in  the  area  oi 
energy  conservation.  There  are  options  that  would  have  benefits  for  society  in  addition  to  having 
benefits  for  die  environment  For  example,  the  US  could  decrease  its  dependence  on  foreign  oil, 
improve  its  air  quality,  and  in^nove  its  balance  ot  trade  through  the  continued  devdcpment  oi 
more  fuel  efEicient  cars,  through  use  df  more  efficient  motors,  through  better  building  insulation, 
through  other  actions  included  in  the  President's  Climatr  Change  Action  Plan,  and  by 
developingAising  energy  supply  technologies  that  emit  less  carbon  dioxide  per  unit  of  energy 
produced  (mcHr  efficient  power  production,  fuel  switching  (coal  to  oil  to  gas),  nuclear  energy,  and 
renewable  energies  such  as  biomass,  wind,  solar,  and  hyc&o.  That  these  measures  would  increase 
national  econcmiic  efficiency  while  also  reducing  CC)2  emissions  should  give  added  weight  to 
consideration  of  and  support  for  such  policy  opticms. 
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January  18,  1996 


Dr.  William  A.  Nierenberg 

Director  Emeritus 

Scripps  Institution  of  Oceanography 

University  of  California,  San  Diego 

9500  Oilman  Drive 

LaJoUa,  CA  92093-0024 

Dear  Dr.  Nierenberg: 

1  want  to  express  my  appreciation  for  your  participation  in  the  Committee's  recent 
hearing  on  Global  Change  modelling.  Your  testimony  was  of  great  value  to  me  and  to  the 
Committee. 

Enclosed,  you  wUl  find  some  additional  questions  which  are  intended  to  clarify  certain 
points  raised  in  the  hearing  and  develop  additional  information  for  the  Committee's  use.  Your 
written  responses  will  be  included  as  part  of  the  hearing  record.  I  ask  that  you  provide  your 
responses  by  February  15.  You  may  contact  Dr.  William  S.  Smith  of  my  staff  at  202/225-4439 
if  you  have  any  questions  regarding  this  request. 

Once  again,  thank  you  for  your  assistance. 

Sincerely, 


Ranking  Demi 
Enclosure 
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ADDITIONAL  QUESTIONS  FOR  THE  RECORD 
FORDR.  NIERENBERG 


1 .  You  referred  in  your  testimony  to  the  1983  climate  change  report  of  the  National  Academy  of 
Sciences,  a  study  that  you  chaired.  The  NAS  produced  a  second  major  study  in  1991,  entitled 
"Policy  Implications  of  Greenhouse  Warming .'  What  is  your  view  of  the  conclusions  of  that  more 
recent  study?  In  particular,  what  is  your  perspective  on  its  conclusion  that  the  United  States  has 
the  potential  to  limit  greenhouse  gas  emissions  growth  significantly  at  virtually  zero  net  cost  and 
could  do  even  more  at  low  net  cost  with  an  aggressive  effort  to  develop  alternative  technologies 
and  implement  available  technologies  with  the  highest  energy  efficiency? 

2.  Several  witnesses  have  alluded  to  critical  research  programs  needed  to  resolve  the  remaining 
uncertainties  in  the  global  warming  theory.  Please  comment  on  the  role  and  importance  uf  the 
following  programs  and  pending  Congressional  proposals: 


PROGRAM 


PROPOSAL 


NOAA's  Climate  and  Global  Change 
Program 


Terminate  program  in  its  current  form  and 
restrict  all  NOAA  research  to  seasonal  and 
interannual  variability  (H.R.  2043). 


NOAA  High  Performance 
Computing  Program 


Terminate  program  (H.R.  2043) 


EPA  Global  Change  Research 


DOE  Biological  and  Environmental 
Research 


NASA  Mission  to  Planet  Earth 
Program 


Terminate  program  with  closeout  costs,  a 
reduction  of  S20  miliion  from  request  level 
of  S22  million  (H.R.  1814) 

Terminate  Marine  Transport  for  Ocean 
Margins  Program,  Ecosystem  Functioning 
and  Response  program.  Computer 
Hardware,  Advanced  Mathematics  and 
Model  Physics  Program,  World  Ocean 
Circulation  Experiment,  National  Institute 
for  Gobal  Environmental  Change,  and  freeze 
at  F.Y.  95  levels  the  Atmospheric  Radiation 
Measurement  Program.  (H.R.  1816). 

Delay  indefinitely  the  PM  and  Chem 
platforms  of  the  Earth  Observing  System, 
terminate  the  TOPEX  FoUowon  mission. 
(H.R.  2043) 
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ADDITIONAL  QUESTION  FOR  THE  RECORD 
JOINTLY  FOR  DR  WATSON  AND  DR  NIERENBERG 

Please  provide  a  coordinated,  joint  response  to  the  Committee  for  the  following  question.  If 
agreement  on  specific  issues  cannot  be  reached,  you  may  provide  a  single  response  which 
clearly  identifies  differing  points  of  view. 

During  the  course  of  the  hearing,  the  point  was  made  that  the  lifetime  for  C02  is  complex  in 
nature  and  may  be  composed  of  several  time  constants  ranging  from  2  years  to  500  years. 

a.        Recognizing  that  a  single  time  constant  may  misrepresent  the  actual  case,  what  fraction  of 
C02  that  will  remain  in  the  atmosphere  after  say,  5  years,  50  years,  and  500  years?  How 
does  this  depend  on  the  growth  rate  for  emissions? 

b        What  was  the  consensus  C02  lifetime  used  in  the  IPCC  assessments'*  Are  there  models  or 
data  sets  which  may  argue  strongly  for  a  different  basis? 

c        Of  the  amount  of  anthropogenic  C02  put  into  the  atmosphere  today,  what  fraction  will 
essentially  never  go  away  (i.e.  be  there  1000  years  from  now)? 

d        What  additional  work  must  be  done  to  better  chararterize  the  C02  lifetime? 

e.        What  fraction  of  long  residence  C02  (say,  that  remaining  after  500  years)  would  suggest 
that  actions  be  taken  now  rather  than  a  'wait  and  see'  policy? 
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February  10,  1996 
The  Honorable  George  E.  Brown,  Jr. 
Ranking  Democratic  Member 
U.S.  House  of  Representatives 
Committee  on  Science 

Suite  2320  Rayburn  House  Office  Building 
Washington,  DC  20515-6301 

Dear  George, 

This  is  in  partial  response  to  your  letter  of  January  18. 
It  was  a  real  pleasure  seeing  you  on  the  platform  at  the 
recent  climate  change  hearings.  It  is  too  bad  that  you 
could  not  stay  for  the  full  session.  With  one  exception, 
the  testifiers  were  interesting.  I  was  grateful  for  the 
-  possibility  of  putting  forward  my  own  views,  even  under  the 
limiting  circumstances  of  a  congressional  review.  Please 
extend  my  thanks  and  appreciation  to  chairman  Rohrabacher 
and  the  subcommittee  staffs  on  both  sides  for  their 
courtesies  and  help. 

I  am  pleased  frosr,  the  nature  of  your  questions  that  the 
important  policy  aspects  of  the  two  time  constants  I 
emphasized  at  the  hearings  have  been  well  appreciated. 

I  am  trying  to  reply  to  your  letter  as  quickly  as  possible 
and  as  carefully  as  possible.  However,  I  have  not  taken  the 
trouble  to  edit  this  letter  as  carefully  as  I  could.  If  it 
is  your  intent  to  place  it  in  the  Congressional  Record  I 
would  like  to  have  the  opportunity  to  smooth  it  out. 

I  respond  to  your  posed  questions  in  somewhat  random  order. 
As  to  question  number  one:  Most  serious  observers  agree 
that  despite  the  ten  year  difference  in  the  appearances  of 
the  two  reports  there  is  no  essential  difference  in  their 
conclusions.  It  is  not  totally  clear  as  to  what  is  meant  by 
"virtually  zero  net  cost".  Most  of  the  current  US  power 
plants  are  inefficient  in  terms  of  modern  power  technology. 
As  they  are  backfitted  or  replaced  they  operate  at 
improvements  that  may  range  from  twenty  to  thirty  per  cent. 
The  recent  global  emission  curves  have  shown  a  decreasing 
rate  of  growth  for  about  a  period  of  ten  years  despite  the 
clear  rise  in  productivity  and  populations  of  the  developing 
countries.  The  Keeling  curve  has  shown  a  significant 
reduction  in  the  rate  of  increase  of  the  airborne  fraction 
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of  C02'''The  two  effects  may  be  related.  However,  this 
change  is  taking  place  due  to  classical  economic  forces  and 
not  completely  due  to  environmental  considerations.  In 
other  words,  "aggressive  action",  which  is  usually  at 
considerable  cost  and  has  been  shown  to  be  largely 
unsuccessful  in  recent  power  development  history,  is 
apparently  not  needed. 

I  belong  to  the  school  that  believes  that  considerable 
improvement  can  be  achieved  in  emissions.  For  stationary 
power,  by  far  the  best  solution  is  the  use  of  atomic  power 
plants.  It  not  only  ameliorates  the  CO2  emissions 
phenomenon  but  offers  a  myriad  of  other  environmental 
improvements  and  life  saving  industrial  developments.  For 
mobile  applications  (other  than  aviation)  we  have  available 
a  well-developed  scheme  based  on  a  methanol  economy  where 
the  methanol  is  cellulose  derived,  either  from  trees  or 
garbage.   There  are,  as  well,  many  concomitant  benefits.. 

Responding  to  the  additional  questions  on  page  one  poses  a 
difficulty  for  me  in  that  it  touches  on  funding  for 
individual  programs.  This  would  cause  reactions  among 
colleagues  that  could  be  unpleasant  (for  me,  that  is).  I 
will  approach  the  question  in  a  more  positive  way  by 
suggesting  priorities  in  research  that  could  fit  into  a 
budget  that  should  be  more  limited  than  it  is  now.  We  are 
spending  about  1.5  billion  dollars  on  and  across  the 
government  research  programs.  I  believe  that  this  is  too 
much.  The  overall  scientific  basis  is  not  robust  enough  to 
make  proper  use  of  financial  allocations  of  this  magnitude. 
Aside  from  my  following  remarks,  I  must  add  thvj  statement 
that,  nevertheless,  much  of  what  is  being  undertaken  is  of 
great  value  in  the  more  immediate  need  for  short  range 
climate  predictions. 

The  highest  priority  should  be  assigned  to  the  refinement  of 
our  understanding  of  all  phenomena  related  to  radiation 
transfer  within  and  to  and  from  the  atmosphere.  The 
principal  greenhouse  gas  is  overwhelmingly  water  and  the 
feedback  from  anthropological  changes  in  atmospheric 
components  to  changes  in  atmospheric  water  in  quantity  and 
distribution  has  been  the  limiting  problem  from  the  very 
beginning  of  modelling.  The  situation  has  changed  little  so 
far  over  time  and  progress  in  discussing  climate  change  is 
not  likely  to  occur  until  substantial  advances  have  been 
achieved  in  this  area. 

There  is  no  question  that  NOAA's  responsibilities  in  NOAA's 
field  data  obligations  and  analysis  of  seasonal  and 
interannual  variability  is  of  prime  importance  and  must  be 
supported  to  the  utmost.  To  the  extent  that  other  climate 
research  is  being  undertaken  elsewhere,  say  at  the  NSF, 
NOAA's  role  could  well  be  constricted  to  the  above. 
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It  is  difficult  to  go  on  to  your  remaining  points  without 
accepting  the  fact  that  there  is  much  overlap  between 
programs  of  the  different  agencies  and  that  an  effective 
central  control  is  lacking  that  could  and  should  establish 
priorities  based  on  financial,  pertinence  and  quality  of 
performance  criteria.  For  example,  I  am  not  clear  as  to  the 
relation  between  the  NOAA  high  performance  computing  program 
and  the  proposed  DOE  CHAMPP  program  and,  for  that  matter,  a 
whole  variety  of  public  and  private  programs  in  this  general 
area.  To  the  extent  that  this  covers  the  GFDL  work  at 
Princeton,  I  have  to  say  that  this  is  a  worldwide  respected 
pioneer  operation. 

I  am  not  conversant  with  the  EPA  Global  Change  Research  but, 
here  again,  the  general  quality  of  basic  research  that  goes 
on  elsewhere  is  such  that  the  EPA  might  well  be  advised  to 
concentrate  on  their  primary  role  of  policy  evaluation  and 
recommendation.  I  have  in  mind  some  of  their  past 
pronouncements  on  sea  level  rise,  for  example. 

I  have  some  problems  in  discussing  the  DOE  research  programs 
in  the  climate  area.  The  DOE  is  generally  well  known  for 
high  quality  and  dedicated  research  programs.  Yet  I  have 
often  found  that  their  entrance  into  the  marine  biological 
area  was  not  up  to  their  usual  standards.  I  first  observed 
this  when  I  chaired  the  OTEC  advisory  committee  for  the  DOE. 

I  do  not  understand  the  question  posed  with  respect  to  WOCE. 
It  is  my  understanding  that  WOCE  has  been  terminated  in  an 
orderly  and  prearranged  fashion.  There  is  a  "takeover" 
program,  GOALS,  that  is  under  review  and  I  have  no 
information  as  to  its  likely  implementation.  In  a  ger^al 
way  the  entire  complex  of  field  programs  should  be  assessed 
in  relative  priority  and  pertinence.  They  represent  a 
considerable  investment.  They  are  mostly  well  run  but  some 
suffer  from  a  lack  of  applicability  to  the  basic  climate 
change  program.  In  this  regard  WOCE  was  one  of  the  better 
programs . 

I  hold  the  ARM  program  (as  I  said  above)  to  be  important  and 
I  am  pleased  to  recognize  that  no  reduction  in  funding  is 
contemplated. 

The  NASA  role  in  climate  change  research  has  become  dominant 
due  to  a  its  large  component  of  the  overall  funding.  I  am 
by  no  means  alone  in  the  scientific  community  in  believing 
that  much  of  the  NASA  program  represents  misplaced 
priorities,  if  it  is  crosscutted  into  the  climate  research 
program.  Again,  I  am  ambivalent  in  making  specific 
recommendations.  TOPEX  is  a  good  case  in  point.  In  my 
opinion  TOPEX  represents  one  of  the  finest  achievements  of 
space  science.  The  precision  and  accuracy  obtained  in 
orbital  determination  and  in  the  corresponding  sea  level 
measurements  are  really  almost  beyond  belief.   I  was  the 
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founding  chairman  of  the  NASA  advisory  council  when  SEASAT 
was  operational  and  the  TOPEX  concept  seemed  well  nigh 
unrealizable.  Withal,  from  the  viewpoint  of  climate 
research,  TOPEX  has  done  itself  out  of  a  job.  TOPEX  is 
demonstrating  annual  sea  level  changes  that  agree  with 
current  theory  in  general  magnitude.  These  are  of  the  order 
of  a  few  millimeters  per  year  and  hence  strongly  suggest 
that  climate  change  induced  sea  level  rise  may  no  longer  be 
considered  a  policy  issue,  at  least  for  the  next  century. 
The  same  is  essentially  true  of  whatever  information  we  have 
on  the  major  ice  caps. 

This  sea  level  rise  is  so  small  and  evidently  no  longer  a 
serious  policy  issue  that  a  more  economical  procedure  would 
be  to  make  satellite  determinations  just  every  ten  or  twenty 
years  to  get  measurements  that  are  beyond  noise  and 
misinterpretation.  The  difficulty  is  that,  at  present, 
about  forty  ground  stations  are  used  to  fix  the  satellite 
orbit  to  the  extraordinary  precision  needed  to  measure  the 
small  changes.  Unless  these  stations  are  employed  for  other 
satellite  measurements,  revitalizing  a  ground  system  every 
ten  years  may  not  make  the  best  economics. 

You  raise  questions  about  ecosystem  research  with  respect  to 
climate  change.  These  are  interesting  basic  scientific 
questions  but  do  not  seem  to  warrant  large  investments  at 
this  point  in  terms  of  policy,  given  the  large  time  scale  of 
the  projected  significant  changes,  one  century  or  more,  and 
the  superimposed,  often  violent  regional  extremes  that 
occur.  (I  write  this  while  parts  of  the  country,  other  than 
yours  and  mine,  are  undergoing  just  such  extreme 
fluctuations.)  When  we  couple  this  remote  future  with  the 
insecure  scientific  base  of  the  ecology  and  modeling 
involved,  the  conclusion  seems  reasonable,  at  least  to  me. 

I  now  turn  to  the  second  page  of  your  letter,  the 
"additional  questions..."  The  most  coherent  and  useful 
response  I  can  make  is  by  combining  your  a,  c  and  e.  I  base 
my  answers  mostly  on  what  I  believe  to  be  the  most  up-to- 
date  modeling  work,  led  by  my  distinguished  colleague,  Klaus 
Hasselman  of  the  Max  Plank  Institute  in  Hamburg. 

His  model  would  predict  a  fraction  of  about  0.13  (exactly  — 
0.131)  of  the  CO2  inserted  into  the  atmosphere  to  remain 
there  after  a  very  long  (say  >500  year)  time.  This  would 
apply  equally  to  the  CO2  injected  today  or  the  total  that 
may  be  injected  after  three  hundred  years  from  now  when  we 
might  be  completely  finished  with  carbonaceous  fuel  use. 
This  result,  while  based  on  the  best  ocean  atmosphere  models 
available  must  be  qualified  by  at  least  one  important 
observation  —  that  is  related  to  the  problem  of  the 
"missing  carbon" .  We  have  a  serious  anomaly  in  that  the 
disposition  of  the  anthropogenic  carbon  that  goes  into  the 
atmosphere  is  not  completely  accounted  for.   Just  what  that 
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might  mean  for  the  ultimate  residual  in  the  atmosphere  is 
not  quite  clear  but,  in  responding  to  your  question,  I 
recommend  that  much  greater  resources  be  put  into  research 
affecting  this  question,  in  particular  the  work  on  the 
direct  measurement  of  CO2  flux  into  the  oceans  represented 
by  the  beautiful  work  of  Tans,  Takahashi  et  al  at  Lamont. 

As  to  item  b:  I  was  totally  confused  on  this  issue  by  the 
current  IPCC  report.  They  somehow  seemed  to  have  slowly 
shifted  their  emphasis  from  the  year  2040  to  the  year  2100 
for  climate  change  effects,  good  or  bad,  to  become 
appreciable,  if  at  all.  This  involves  both  the  estimate  of 
the  "permanent"  residual  fraction  or,  more  precisely  for 
this  time  period,  the  form  of  the  decay  curve  for  the 
atmospheric  component  and  the  prediction  of  the  future 
growth  of  the  anthropogenic  injection  of  CO2  into  the 
atmosphere.  I  do  not  see  why  they  did  not  employ  Professor 
Nordhaus's  methodology.  He  is  certainly  the  world's  central 
figure  in  these  matters. 

Finally,  to  answer  question  "e",  I  will  interpret  it  in  the 
only  way  that  makes  sense  to  me.  It  would  ask  for  a  value 
of  the  "constant",  non-exponential,  term  in  the  expression 
for  the  decay  of  a  pulse  of  injected  CO2  that  would  be 
■  considered  alarming.  Having  interpreted  it  this  way,  I  do 
not  know  the  answer.  I  have  to  say  that  I  am  not  happy  with 
the  what  I  consider  is  already  a  large  value  —  the  0.131  I 
cited  earlier.  I  do  not  know  why  the  two  effects  to  date 
that  we  can  measure  with  some  accuracy,  the  average  surface 
temperature  change  and  the  sea  level  rise,  are  so  small 
despite  the  appreciable  change  in  CO2  concentration.  Given 
this  weakness  of  our  general  modelling  and  knowledge  base, 
it  is  hard  to  answer  your  question  properly. 

In  a  general  sense,  I  remain  quite  concerned  about  the 
continuing  increase  of  CO2  in  the  atmosphere  but  I  am  also 
concerned  about  the  enormous  cost  of  a  frontal  assault  on 
the  emissions  sources.  We  have  demonstrated  no  acceptable 
scientific  basis  for  predicting  catastrophic  or  near 
catastrophic  effects  that  would  council  against  a  wait, 
think  and  see  pattern. 

Perhaps  the  greatest  weakness  in  trying  to  formulate  policy 
is  our  many  times  over  demonstrated  inability  to  predict 
advances  in  science  and  technology.  The  current  thinking  in 
climate  change  effects  largely  ignores  possible  advances 
that  may  happen  in  the  next  100  years.  A  good  example  of 
how  this  might  apply  to  the  global  climate  change  issue  was 
raised  at  the  hearing.  This  was  the  concern  that  insect 
vectored  diseases  like  malaria  might  spread  because  of 
increased  wetness.  (I  cannot  resist  pointing  out  that 
others  are  concerned  about  the  negative  ecological  effects 
of  decreased  wetness.)   I  will  make  my  own  one  prediction. 


1136 


I  predict  that,  in  one  hundred  years,  malaria  will  no  longer 
be  a  scourge  against  mankind! 

I  will  go  further.  If  we  cannot,  politically,  make  a  larger 
world-wide  substitution  of  atomic  energy  for  carbon  fuel,  we 
will  certainly  learn  how  to  develop  a  hydrogen  based 
economy.  This  is,  quite  independently  of  the  climate  issue, 
a  widely  held  view.  To  go  still  further  —  since  we  are  now 
talking  about  one  hundred  years,  not  forty,  fusion-derived 
power  will  certainly  be  on  line. 


fajTi  A.  Nierenberg 
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U.S.  HOUSE  OF  REPRESENTATIVES 

COMMITTEE  ON  SCIENCE 

SUITE  2320  RAYBURN  HOUSE  Of  FICE  BUILDING 

WASHINGTON,  DC  20S1S-6301 

•2021  225-6371 

m«n<K  see  NCf  •MtHOUSE  GOV 


January  18,  1996 


Mr.  David  Gardiner 

Office  of  Policy,  Planning  &  Evaluation 

Environmental  Protection  Agency  

401  M  Street,  S.W. 
Washington,  D.C.    20460 

Dear  Mr.  Gardiner: 

I  want  to  express  my  af^ieciation  for  your  participation  in  the  Committee's  recent 
hearing  on  Global  Change  modelling.  Your  testimony  was  of  great  value  to  me  and  to  the 
Committee. 

Enclosed,  you  will  find  some  additional  questions  which  are  intended  to  clarify  certain 
points  raised  in  the  hearing  and  develop  additional  information  for  the  Committee's  use.  Your 
written  responses  will  be  included  as  part  of  the  hearing  record.  I  ask  that  you  provide  your 
responses  by  February  15.  You  may  contact  Dr.  William  S.  Smith  of  my  staff  at  202/2254439 
if  you  have  any  questions  regarding  this  request. 


Once  again,  thank  you  for  your  assistance. 

Sincerely, 


GEORGE  E.  BRO^X^/JR 
Ranking  Democratic  Member 


^e^  >>fc-^2/iA-V 


Enclosure 
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ADDITIONAL  QUESTIONS  FOR  THE  RECORD 
FOR  MR  GARDINER 

1 .  During  the  course  of  the  hearing  reference  was  made  to  an  EPA  global  climate  research 
contract  valued  at  SI  1 1  million  which  was  intended  to  be  used  for  brochures,  posters,  program 
logos,  design  for  product  awards,  promotional  pens,  pencils,  buttons,  banners,  displays, 
billboards,  and  bus  and  train  placards. 

a.  What  relationship  does  this  contract  have  to  EPA's  global  climate  research  program 
which  was  proposed  for  elimination  in  H.R.  IS  14? 

b.  What  was  the  purpose  of  this  contraa? 

2.  What  actions  can  be  taken  now  to  mitigate  the  future  impacts  of  sea  ievel  rise?  How  expensive 
are  these  precautionary  actions  compared  to  what  would  be  required  if  we  decide  to  delay 
considering  this  potential  effect  for  ten  to  twenty  years?  Are  there  any  significant  drawbacks 
associated  with  proposed  precautionary  actions?  Are  any  States  in  the  US.  taking  any  of  these 
precautionary  measures?  How  might  the  private  sector  make  use  of  the  results  in  this  report? 

3 .  Several  witnesses  have  alluded  to  critical  research  programs  needed  to  resoke  the  remaining 
uncertainties  in  the  global  warming  theory.  Please  comment  on  the  role  and  importance  of  the 
following  programs  and  pending  Congressional  proposals: 


PROGRAM 

NOAA's  Climate  and  Global  Change 
Program 


PROPOSAL 

Terminate  program  in  its  current  form  and 
restrict  all  NOAA  research  to  seasonal  and 
interannual  variability  (H.R.  2043). 


NOAA  High  Performance 
Computing  Program 


Terminate  program  (H.R.  2043) 


EPA  Global  Change  Research 


DOE  Biological  and  Environmental 
Research 


Terminate  program  with  closeout  costs,  a 
reduction  of  S20  million  from  request  level 
of  $22  million  (H.R.  1814) 

Terminate  Marine  Transport  for  Ocean 
Margins  Program,  Ecosystem  Functioning 
and  Response  program.  Computer 
Hardware,  Advanced  Mathematics  and 
Model  Physics  Program.  World  Ocean 
Circulation  Experiment,  National  Institute 
for  Global  Environmental  Change,  and  freeze 
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/    ^    \  UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY 

I  ^22^  ^  WASHINGTON.  D.C.  20460 


FEB  '  4 


1996 


Dr.  William  S.  Smith 
Minority  Deputy  Staff  Director 
Committee  on  Science 
U.S.  House  of  Representatives 
822  House  Annex  I 
Washington,  D.C.  20515 
(By  hand  and  by  fax) 


Dear  Bill: 


Enclosed  please  find  the  Agency's  responses  to  Mr.  Brown's  questions  for  the 
record  for  the  November  16,  1995  committee  hearing  on  global  change  modeling. 

Again,  thank  you  for  allowing  EPA  the  opportunity  to  testify  on  this  important 
issue.  If  you  should  have  any  questions  about  the  enclosed,  I  can  be  reached  at  260- 
5190. 


Anne  Metcalf 
Congressional  Liaison 


ends. 


^^J^    Recycied/Becyclablo 

^     Printed  with  Soy/Canola  tnk  on  pap«r  that 
contains  at  least  50%  recycled  fiber 
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Question  #1 : 

During  the  course  of  the  hearing  reference  was  made  to  an  EPA  global  climate 
research  contract  valued  at  $1 1 1  million  which  was  intended  to  be  used  for  brochures, 
posters,  program  logos,  design  for  product  awards,  promotional  pens,  pencils,  buttons, 
banners,  displays,  billboards  and  bus  and  train  placards. 

A.  What  relationship  does  this  contract  have  to  EPA's  global  climate  research 
program  which  was  proposed  for  elimination  in  H.R.  1814? 

Answer  #1  A: 

None.    The  contract  (68-W5-0068)  does  not  support  any  research  activities, 
including  global  climate  research.  This  contract  was  awarded  to  support 
implementation  of  voluntary  air  pollution  prevention  programs  which  are  authorized 
under  the  Clean  Air  Act  and  the  Pollution  Prevention  Act. 

B.  What  was  the  purpose  of  this  contract? 

Answer  #1 B: 

The  contract  provides  analytical  support  and  marketing  services  to  EPA's  Energy 
Star  Programs  and  Emerging  Initiatives.    The  contractor  may  perform  tasks  such  as: 

o  perform  technical  evaluations  including  engineering  and  design  reviews 

on  current  and  developing  technologies  to  assess  viability,  feasibility, 

efficacy,  efficiency  and  cost-effectiveness; 
o         identify  new  and  emerging  efficient  technologies  and  provide  a  technical 

analysis  of  their  relevance;  and, 
o         perform  assessments  and  identify  and  analyze  opportunities  for 

introducing  new  or  existing  energy  efficient  technologies  or  programs  into 

various  sectors. 
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Question  #2: 

What  actions  can  be  taken  now  to  mitigate  the  future  impacts  of  sea  level  rise?  How 
expensive  are  these  measures  compared  to  what  would  be  required  if  we  delay 
considering  this  potential  effect  for  ten  to  twenty  years?  Are  there  any  significant 
drawbacks  associated  with  proposed  precautionary  actions?  Are  any  States  in  the  U.S. 
taking  any  of  these  precautionary  measures?  How  might  the  private  sector  make  use  of 
the  results  in  this  report? 


Answer  #2: 

Previous  assessments  by  EPA,  the  National  Academy  of  Engineering,  and  others  have 
identified  a  broad  array  of  measures  for  anticipating  and  mitigating  the  effects  of  sea 
level  rise.  These  measures  can  be  broadly  divided  into  land-use  and  structural 
measures. 

Land  Use  Strategies.  Rising  sea  level  is  already  causing  beaches,  wetlands,  and  other 
shores  to  erode.  In  some  cases,  houses  are  failing  into  the  sea.  In  other  cases, 
property  owners  have  protected  their  homes  by  constructing  bulkheads  and  seawalls. 
While  the  process  of  armoring  our  shorelines  with  bulkheads  does  mitigate  property 
damage,  natural  wetlands  and  beaches  are  lost.  For  example,  property  owners  in 
Maryland  have  armored  approximately  300  miles  of  shoreline  in  the  last  15  years.  A 
common  anticipatory  strategy  employed  along  ocean  coasts  of  about  a  dozen  states  is 
to  require  new  homes  to  be  set  back  from  the  shore  by  a  distance  equal  to  30-60  years 
worth  of  projected  erosion.  These  "setback"  regulations  impose  very  little  cost  in  cases 
where  the  setback  still  leaves  room  to  build  a  house  on  a  given  lot.  As  sea  level  rise 
accelerates,  however,  the  setback  distances  will  become  greater,  perhaps  preventing 
any  construction  at  all  on  some  parcels  of  land.  In  those  cases,  setback  regulations 
could  become  prohibitively  expensive,  since  they  would  leave  shorefront  property 
almost  worthless.  According  to  the  U.S.  Supreme  Court's  opinion  in  Lucas  v.  South 
Carolina  Coastal  Council,  such  a  regulation  is  also  unconstitutional  unless  the 
government  purchases  the  property.  Another  limitation  of  this  approach  is  that 
eventually  the  shore  will  erode  to  the  setback  line  and  we  will  be  left  with  the  situation 
that  would  have  occurred  without  any  policy. 

After  the  Lucas  case.  South  Carolina  modified  the  regulations  so  that  houses  could  be 
built  along  the  shore,  but  subject  to  the  condition  that  they  would  be  torn  down  if  the 
shore  eroded  enough  to  threaten  them.  This  policy,  known  as  "rolling  easements,"  has 
long  been  a  part  of  the  Texas  common  law  along  the  Gulf  Coast,  and  has  been  enacted 
along  parts  of  the  Maine  coast.  The  basic  premise  is  to  allow  property  owners  to  use 
their  land  as  they  see  fit,  but  require  them  to  assume  the  risk  of  sea  level  rise  and 
erosion,  rather  than  allowing  them  to  shift  that  risk  to  the  environment  and  the  public 
treasury.  As  shores  retreat,  the  natural  beaches  and  wetlands  simply  move  inland. 
Previous  studies  have  estimated  that  wetlands  can  be  protected  for  between  $10 
and  $100  dollars  per  acre-far  less  than  the  cost  of  land  purchases  or  other  wetland 
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mitigation  measures.  Unlike  setbacks,  rolling  easements  do  not  impair  the  rights  of 
property  owners. 

Although  both  setbacks  and  rolling  easements  have  been  implemented  along  ocean 
coasts  in  a  number  of  states,  they  have  not  been  implemented  along  estuarine  or 
calm-water  shorelines,  with  the  exception  of  a  portion  of  the  Maine  coast.  Therefore, 
under  current  policies,  it  seems  likely  that  state  policies  will  ensure  the  survival  of  sandy 
beaches  along  ocean  shores;  but  they  will  not  protect  wetland  shores. 

The  cost  of  delaying  action  until  2005  or  201 5  would  vary.  In  those  areas  that  will  not 
be  developed  until  several  decades  after  the  year  2015,  there  would  be  little  problem  in 
implementing  the  policy  twenty  years  from  now.  On  the  other  hand,  for  those  coastal 
areas  developed  (or  redeveloped)  in  the  next  twenty  years,  delay  means  that  we 
completely  miss  the  opportunity  to  plan  for  rising  sea  level.  Reacting  to  sea  level  rise  in 
those  areas  would  either  mean  acceptance  of  the  loss  of  shorelines  and  property  or 
would  require  buying  out  individual  homeowners  which  would  be  very  expensive. 

Many  of  these  policies  can  be  implemented  at  the  initiative  of  the  private  sector. 
Owners  of  coastal  lands  can  donate  rolling  easements  on  those  lands  to  conservation 
trusts— and  deduct  the  fair  market  value  of  the  easement  in  calculating  gross  income. 
Builders  seeking  a  permit  to  fill  a  few  acres  of  wetlands  can  propose,  as  part  of  a 
mitigation  plan,  greater  setbacks  or  donation  of  a  conservation-rolling  easement.  Some 
of  the  measures  appropriate  for  the  private  sector  may  also  be  appropriate  for  federal 
land  managers:  Because  land  use  is  a  matter  for  state  laws,  the  federal  regulatory  role 
in  any  mitigation  may  be  modest.  Nevertheless,  the  Federal  Government  may  also 
have  a  role  as  a  coastal  property  owner.  Wildlife  refuges  on  one  side  of  a  bay,  for 
example,  could  ensure  that  the  other  side  of  the  bay  retains  its  wetlands  and  beaches 
through  the  purchase  of  rolling  easements. 

Because  the  Federal  Government  already  is  involved  in  regulating  land  use  to  a  limited 
extent,  it  may  also  be  desirable  to  modify  policies  in  those  areas.  For  example,  the 
National  Flood  Insurance  Program  could  be  modified  to  discourage  post-disaster 
construction  in  areas  that  are  likely  to  be  permanently  eroded  in  the  next  few  decades. 

Engineering  Measures.  Most  engineering  responses  can  be  implemented  in  reaction  to 
sea  level  rise.  There  is  no  need  to  build  seawalls  today  to  protect  areas  that  would  not 
be  flooded  until  50-100  years  hence.  Nevertheless,  because  many  structures  have  very 
long  lifetimes,  it  does  make  sense  to  design  existing  facilities  to  prepare  for  future  sea 
level  rise. 

Here  are  a  few  examples  of  anticipatory  measures  that  can  be  implemented:  San 
Francisco's  Bay  Area  Conservation  and  Development  Commission  requires  that  any 
land  reclaimed  from  the  sea  must  be  elevated  an  extra  foot  to  accommodate  future  sea 
level  rise.  The  State  of  Maryland  changed  its  erosion  control  strategy  at  Ocean  City 
from  groins  (rock  structures  similar  to  jetties)  to  beach  nourishment  (pumping  sand  onto 
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the  beach).  The  Corps  of  Engineers  has  built  structures  along  the  Mississippi  River  to 
enable  freshwater  to  reach  Louisiana's  wetlands,  which  increases  the  health  of  these 
wetlands  and  thereby  slows  the  rate  at  which  they  erode.  Other  measures  that  have 
been  proposed  but  not  implemented  include  (a)  the  use  of  larger  pipes  in  new  coastal 
drainage  systems,  (b)  increasing  the  building  elevations  in  flood  plains,  and  (c)  major 
changes  in  the  flow  of  the  Mississippi  River  to  enable  Louisiana's  wetlands  to  keep  pace 
with  rising  sea  level. 
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Question  #3:  Please  comment  on  the  role  and  importance  of  the  following  programs 
and  pending  Congressional  proposals: 

Answer  #3:  The  four  listed  research  programs  are  integral  parts  of  the  U.S.  Global 
Change  Research  Program  (USGCRP),  established  by  Public  Law  101-606,  the  Global 
Change  Research  Act  of  1990.  The  EPA  recognizes  that  the  USGCRP  is  an  integrated 
research  program,  planned  and  coordinated  aaoss  its  several  participating  agencies.  The 
Agency  fully  supports  this  approach  to  developing  the  sound  scientific  understanding  and 
predictive  ability  that  is  necessary  to  continue  informing  policy  making  that  addresses 
effectively  this  major  global  threat.  While  it  is  appropriate  that  we  defer  to  Dr.  Robert 
Watson  of  the  OSTP  and  Dr.  Robert  Corell,  chair  of  the  Global  Change  Subcommittee  of 
Committee  on  Environment  and  Natural  Resources  (CENR),  to  respond  to  the  parts  of  this 
question  that  deal  with  other  agencies'  participation  in  the  USGCRP,  we  offer  the  following 
comment  on  the  proposed  legislation  that  would  terminate  the  EPA  Global  Change 
Research  Program  (EPAGCRP). 

The  EPAGCRP  has  played  a  pivotal  role  in  several  important  areas  of  global  change 
research.  Selected  highlights  of  recent  results  from  EPA's  productive  research  program  are 
outlined  in  Exhibit  A.  The  EPAGCRP  has  recently  undergone  a  major  reorganization  so  that 
it  now  focuses  on  four  core  areas:  regional  impacts  of  and  vulnerabilities  to  climate  change; 
development  of  a  global  terrestrial  carbon  flux  tracking  system;  integrated  modeling  systems 
including  earth  system  modeling  and  integrated  assessment  models;  and  stratospheric  ozone 
depletion  research.  EPA  research  plays  a  unique  role  in  each  of  these  four  areas. 

The  vulnerabilities  of  managed  and  unmanaged  ecological  systems  and  socioeconomic 
systems  to  climate  change  must  be  put  on  a  sounder  scientific  basis.  Public  and  private 
investments  in  structures,  infrastructure  and  land  use  made  over  the  next  several  decades 
may  be  strongly  impacted  by  future  climate  change.  Planning  these  investments  so  as  to 
allow  for  adaptation  to  regional  climate  change  has  the  potential  to  save  tens  to  hundreds  of 
billions  of  dollars.  Likewise,  the  risk  to  natural  ecosystems  needs  to  be  more  fully 
characterized  if  informed  policies  are  to  be  developed  and  adopted.  Needed  cost  benefit 
studies  of  alternative  measures  for  coping  with  climate  change  will  depend  upon  the  results 
from  this  EPA  research  program. 

A  global  terrestrial  carbon  flux  tracking  system  is  needed  by  the  scientific  community 
to  resolve  issues  related  to  balancing  the  global  carbon  budget,  and  by  governments  to  serve 
as  a  sound  scientific  basis  to  deal  effectively  with  the  implications  of  climate  change  under  the 
Framework  Convention  on  Climate  Change  (FCCC).  The  tracking  system  under  development 
by  EPA  will  be  capable  of  estimating  the  ten-estrial  biospheric  carbon  flux  due  to  land  use  and 
land  management  changes  at  country  and  sub-country  levels  of  resolution.  On  a  global  scale 
this  flux  is  currently  thought  to  be  20-25%  of  the  total  carbon  flux  to  the  atmosphere  which 
human  activities  produce.  Gaining  confidence  in  other  countries' 
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adherence  to  future  obligations  under  the  FCCC  is  dependent  upon  successful  international 
implementation  of  a  carbon  flux  system,  as  is  improving  our  ability  to  project  future  changes 
in  climate.  | 

EPA's  pioneering  research  on  constructing  an  earth  system  modeling  framework  that 
for  the  first  time  contains  all  essential  earth  system  components  involved  in  climate  change 
will  be  extended.  This  research  will  focus  on  terrestrial  ecological  and  biogeochemical  cycling 
components.  Detailed  process  level  models  that  synthesize  our  predictive  understanding  will 
be  improved  or  initiated,  as  appropriate,  to  include  insights  gained  from  recent  research. 
Additionally,  modest  efforts  to  develop  "reduced  form"  modular  elements  for  integrated 
assessment  purposes  from  the  more  complete  and  detailed  process  models  will  be  initiated. 
This  is  an  essential  part  of  the  interagency  effort  to  improve  our  abilities  to  project  future 
climate  change  on  global  and  regional  scales. 

The  stratospheric  ozone  depletion  core  program  element  includes  continued  operation 
of  the  urban  UV  baseline  monitoring  network,  targeted  studies  of  the  vulnerability  of  the 
human  immune  system  to  increased  UV-B  exposure,  and  evaluation  of  replacement 
alternatives  for  ozone  depleting  substances.  These  efforts  are  needed  to  document  progress 
towards  reversing  the  depletion  of  stratospheric  ozone,  and  to  develop  more  cost-effective 
means  of  protecting  stratospheric  ozone  from  deleterious  chemicals. 
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1  ' 

i  EXHIBIT  A  ' 

^       >  HIGHLIGHTS  OF  EPA  GLOBAL  CHANGE  RESEARCH  RESULTS 

o  major  advances  in  understanding  the  terrestrial  component  of  the  global  carbon 
cycle,  both  with  respect  to  the  way  it  currently  functions  and  to  how  it  may  function  in  the 
future  with  increasing  CO2  levels  and  changing  climate,  and  regarding  the  potential  for  human 
management  of  components  of  the  terrestrial  biosphere  that  could  slow  the  increasing 
concentrations  of  atmospheric  CO2; 

0  pioneering  and  extremely  important  new  approaches,  based  on  high  precision 
measurements  of  atmospheric  O2,  for  studying  the  "missing  carbon"  problem; 

o  development  of  an  advanced  Earth  system  modeling  framework  that  links 
atmospheric  and  oceanic  general  circulation  models  with  dynamic  models  of  the  terrestrial 
biosphere  and  tropospheric  chemistry,  giving  explicit  treatment  to  the  many  important 
feedbacks  among  these  systems; 

o  new  measurements  of  methane,  nitrous  oxide,  and  carbon  monoxide  fluxes  in  natural 
and  human-managed  terrestrial  ecosystems  in  low,  mid  and  high  latitudes,  leading  to  revised 
global  budgets  for  these  greenhouse  gases; 

o  quantification  of  the  rate  of  U.S.  methane  emissions  from  human  waste  disposal 
practices,  and  coal,  natural  gas  and  petroleum  operations; 

o  demonstration,  in  cooperation  with  other  agencies,  of  the  importance  of  iron  in 
controlling  the  global  uptake  of  CO^  by  nutrient-limited  ocean  waters; 

o  the  positive  yield  response  of  most  important  varieties  of  rice  to  increased  CO2  levels, 
their  mixed  responses  to  increased  UV-B  radiation,  and  identification  of  cultivation  practices 
that  can  reduce  the  methane  emissions  from  rice  agriculture; 

o  the  vulnerability  of  cool  and  cold  water  fisheries  in  North  America  to  climate  warming; 

0  development  of  process-level  models  for  important  aspects  of  terrestrial  ecosystem 
structure  and  functioning,  atmospheric  chemistry  and  biogeochemical  cycling; 

0  establishment  of  a  research  and  urban  network  for  measuring  surface  UV  radiation 
levels,  and  of  an  interagency  quality  assurance  plan  to  guide  all  agencies  that  make  surface 
UV  measurements; 

o  development  and  demonstration  of  innovative  techniques  for  mitigating  the  emissions 
of  greenhouse  gases  and  ozone-depleting  compounds;  and 

o  providing  scientific  leadership  for  the  development  and  review  of  major  portions  of 
the  international  assessment  reports  prepared  under  the  auspices  of  the  Intergovernmental 
Panel  on  Climate  Change. 

Fuller  explanations  of  these  selected  accomplishments  are  available  upon  request, 
along  with  relevant  citations  to  the  published  literature  and  papers  in  press.  The  EPAGCRP 
relies  extensively  on  external  research  cooperators,  especially  those  in  the  academic 
community,  as  well  as  in-house  scientists  to  conduct  the  research  activities  within  this 
program. 
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sum  2320  RAVBUnN  HOUSe  OFFICE  BUIUMNG 

WASHINGTON.  DC  20S1S-S301 
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January  18,  1996 


Dr.  Thomas  Gale  Moore 
Senior  Fellow 
Hoover  Institution 
Stanford  Univenity 
Stanford,  CA  94305 

Dear  Dr.  Moore: 

I  want  to  express  my  appreciation  for  your  participation  in  the  Committee's  recent 
hearing  on  Global  Change  modelling.  Your  testimony  was  of  great  value  to  me  and  to  the 
Committee. 

EiKlosed,  you  will  find  some  additional  questions  which  are  intended  to  clarify  certain 
points  raised  in  the  hearing  and  develop  additional  information  for  the  Committee's  use.  Your 
written  responses  will  be  iiKluded  as  part  of  the  hearing  record.  I  ask  that  you  provide  your 
responses  by  February  IS.  You  may  contact  Dr.  William  S.  Smith  of  my  staff  at  202/223-4439 
if  you  have  any  questions  regarding  this  request. 

Once  again,  thank  you  for  your  assistance. 


Enclosure 


23-558    96-37 
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ADDITIONAL  QUESTIONS  FOR  THE  RECORD 
FOR  DR  MOORE 

1 .  Much  of  your  analysis  of  the  climate  of  the  Medieval  wann  period  relies  on  research  done  by 
Lamb.  However,  your  published  work  does  not  refer  to  more  recent  criticisms  of  Lamb's  woric. 
For  example,  in  a  recent  survey  of  this  area,  two  professional  paleoclimatologists  concluded  that 
half  of  Lamb's  historical  sources  were  invalid  and  that  his  "winter  severity  index"  was  80%  in 
error.  They  stated  that  earlier  findings  about  a  medieval  warming  should  be  "disregarded,  since 
they  are  based  on  inadequate  data  that  have,  in  many  cases,  been  superseded."  The  authors 
conclude  that  there  is  no  "compelling  evidence  for  a  global  "Medieval  Warm  Period."  [Hughes  & 
Diaz,  "Was  there  a  'medieval  warm  period,  and  if  so,  where  and  when?"  Climatic  Change  26, 
109-142.]  Have  you  taken  these  recent  criticisms  of  Lamb's  work  imo  account  in  your  work?    If 
so,  please  provide  references  to  any  of  your  publications  where  these  criticism  are  addressed. 

2.  Your  testimony  refers  to  the  warming  during  the  Holocene  Optimum  about  6,000  years  ago.  Is 
there  a  scientific  consensus  on  the  cause  of  that  wanning?  Was  it  related  to  higher  levels  of 
greenhouse  gases? 

3.  Your  published  articles  rely  primarily  on  the  work  of  paleoclimatologists  Crowley  and  North 
for  the  scientific  evidence  of  the  extent  and  magnitude  of  past  warming  episodes.  Based  on  thair 
work,  you  testified  that  past  warming  episodes  exceeded  the  warming  that  is  projected  by  climate 
models  due  to  greenhouse  warming.  However,  Crowley  aitd  North  state  that  "Although  seasonal 
warming  was  locally  impressive,  there  may  have  been  at  most  a  few  tenths  of  a  degree  warming  in 
mean  global  temperatures  during  these  times.  Even  minimum  greenhouse  scenarios  project 
warming  larger  than  this.  The  analogy  between  future  and  past  warmings  in  the  Quaternary  does 
not  appear  to  be  appropriate."  [Crowley  aitd  North,  Paleoclimatology,  Oxford  University  Press, 
199 1 ,  p.  89].     Do  you  disagree  with  this  conclusion?  If  so,  please  provide  an  explanation  with 
appropriate  references  to  scientific  work  which  shows  that  there  were  past  episodes  of  wanning 
within  the  last  8,000  years  in  which  the  global  average  temperatures  exceeded  those  projected  by 
current  climate  models. 

4.  Does  evidence  of  abundam  rainfall  in  the  Sahara  or  in  Europe  during  prior  warmer  periods 
mean  that  we  will  see  the  same  patterns  of  precipitation  in  a  worid  made  waimer  by  C02 
doubling?    Do  past  episodes  of  warming  give  us  an  accurate  prediction  of  changes  in  severe 
weather  events  in  a  worid  made  wanner  by  C02  doubliitg? 

5.  Please  provide  for  the  record  any  of  your  publications  relating  to  the  impaa  of  climate  on 
society  in  scientific  peer-review  publications  in  the  areas  of  climate,  anthropology,  or 
paleoclimatology. 

6.  You  testified  that  the  modem  world  is  largely  immune  fi'om  the  effects  of  changes  in  climate. 
In  your  studies  of  past  episodes  of  warming,  you  indicated  one  response  to  climate  change  was 
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mass  migration.  Isn't  mass  migration  less  of  an  option  in  the  modem  worM  than  in  the  ancient 
world? 
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ANSWERS  TO  QUESTIONS  FROM  THE  HONORABLE 

GEORGE  E.  BROWN  JR.,  RANKING  DEMOCRATIC  MEMBER 

FOR  THE  RECORD 

Thomas   Gale   Moore 

Senior  Fellow 

Hoover  Institution 

Stanford  University 

1.  The  edition  of  Climate  Change  (1994),  devoted  to  the  Medieval  Wann  Period,  appeared 
after  I  had  finished  my  work.  Having  reviewed  the  evidence  in  that  journal,  however,  I  still 
believe  that  the  climate  was  warmer  during  those  centuries  at  least  for  the  Northern 
Hemisphere  than  it  has  been  subsequently.  Let  me  cite  some  of  the  evidence: 


Hughes  &  Diaz  in  their  summary  article  (p.  109) 


"Our  review  indicates  that  for  some  areas  of  the  globe  (for  example, 
Scandinavia,  China,  the  Sierra  Nevada  in  California,  the  Canadian 
Rockies  and  Tasmania),  temperatures,  particularly  in  summer,  appear  to 
have  been  higher  during  some  parts  of  this  period  than  those  that  were 
to  prevail  until  the  most  recent  decades  of  the  twentieth  century.  These 
wanner  regional  episodes  were  not  strongly  synchronous  [a  point  I 
make  in  my  essay].  Evidence  from  other  regions  (for  example,  the 
Southeast  United  States,  southern  Europe  along  the  Mediterranean,  and 
parts  of  South  America)  indicates  that  the  climate  during  that  time  was 
little  different  to  that  of  later  times,  or  that  warming,  if  it  occurred  was 
recorded  at  a  later  time  that  has  been  assumed.  Taken  together,  the 
available  evidence  docs  not  support  a  global  medieval  Warm  Period, 
although  more  support  for  such  a  phenomenon  could  be  drawn  from 
high-elevation  records  than  from  low-elevation  records." 

Ricardo  Villalba  writing  on  Southern  South  America,  contradicting  Hughes  &  Diaz  on 
South  America,  (p.  183): 

"The  first  cold  interval  was  from  A.D.  900  to  1070,  which  was 
followed  by  a  warm  period  A.D.  1080  to  1250  (approximately 
coincident  with  the  medieval  Warming  Epoch).  Afterwards  a  long,  cold- 
moist  interval  followed  from  A.D.  1270  to  1660,  peaking  around  1340 
and  1640  (contemporaneously  with  early  Little  Ice  Age  events  in  the 
Northern  Hemisphere)." 

Grove  &  Switsur  examining  the  Glacial  Geological  Evidence  (p.  143): 

'The  results  suggest  that  it  was  a  global  event  occurring  between  about 
900  and  1250  A.D.,  possibly  interrupted  by  a  minor  readvance  of  ice 
between  about  1050  and  1 150  A.D." 

Zhang  De'er  on  China  (p.  289): 

'The  northern  boundary  of  citrus  and  Boehmerianivea  cultivation  in  the 
thirteenth  century  lay  to  the  north  of  the  modem  distribution.  During  the 
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last  100  years,  the  thirteenth  century  boundary  was  the  northernmost. 
This  indicates  that  this  was  the  warmest  time  in  that  period." 

The  evidence  from  Medieval  agriculture,  especially  wine  production,  is  compelling  that 
Northern  Europe  was  warmer  than  today.  If  the  globe  warmed,  temperatures  would  rise 
most  towards  the  higher  latitudes  and  least  towards  the  equator.  As  a  consequence  it  is 
unsurprising  that  archeologists  have  discovered  less  evidence  for  warming  in  the  warmer 
portions  of  the  earth  such  as  around  the  Mediterranean.  Nevertheless,  there  is  evidence, 
cited  in  my  essay,  that  the  climate  in  southern  Europe  and  in  the  southwestern  United  States 
was  wetter  during  the  warm  period,  which  is  what  should  be  expected. 

We  must  recognize  that  the  evidence  on  climate  1000  years  ago  will  always  be  spotty  and 
subject  to  challenge.  Let  me  cite  a  few  other  recent  studies  that  have  pointed  to  Global  or  at 
least  Northern  Hemisphere  warming. 

P. A.  Mayewski,  M.  Wumkes,  et  al,  in  "Record  Drilling  Depth  Struck  in  Greenland,"  Eos 
75(10)  (8  March  1994):  113,  find  evidence  of  Medieval  Warming. 

F  Alayne  Sueet-Perrott  "Drowned  Trees  Record  Dry  Spells"  A^amre  369  (16  June,  1994) 
reports  evidence  of  fluctuations  in  rainfall  that  were  correlated  with  Medieval  Warm 
periods.  He  confirmed  the  good  climate  of  the  Medieval  Period  for  Europe: 

This  period,  from  the  tenth  to  the  early  fourteenth  centuries,  saw  a  great 
expansion  of  European  civilization,  the  context  of  persistently  fine 
summers,  matched  only  by  the  warm  years  of  the  late  twentieth  century, 
(p.  518) 

He  goes  on  to  write: 

The  case  for  global  significance  is  strengthened  by  new  scientific 
evidence  presented  by  Scott  Stine  on  page  546  of  this  issue,  (p.  518) 

2.  There  appears  to  be  no  consensus  on  the  cause  of  the  Holocene  Optimum,  although 
some  studies  —  for  example:  J.  w.  C.  White,  P.  Clais,  R.A.  Figge,  et  al  "A  High- 
Resolution  Record  of  Atmospheric  CO2  Content  from  Carbon  Isotopes  in  Peat"  Nature  367 
(13  January  1994);  T.  Sowers  and  Michael  Bender  "Climate  Records  Covering  the  Last 
Deglaciation"  Science,  269  (14  July  1995)  —  have  suggested  that  temperatures  were 
accompanied  by  higher  levels  of  CO2.  Whether  the  temperature  change  caused  the  change 
in  carbon  dioxide  or  vice  versa  cannot  be  ascertained  from  the  information.  Other  research 
has  suggested  variations  in  energy  from  the  sun  may  have  been  responsible  for  climate 
change. 

3.  Crowley  and  North  base  their  conclusions  on  General  Circulation  Models  (GCMs) 
which,  they  admit,  conflict  with  the  data  from  the  period.  For  example,  on  page  90,  they 
assert 

Observations  in  Europe  suggest  Alpine  summer  temperatures  increases 
of  about  4'*C  . . .  whereas  GCM  simulations  for  Europe  are  about  2''C. 

My  analysis  was  based  mainly  on  Lamb's  work,  much  of  which  drew  on  empirical 
findings,  such  as  northern  tree  lines,  the  type  of  fauna  flourishing,  data  from  glaciers. 
When  theory,  especially  computer  models,  conflicts  with  data,  I  go  with  the  evidence. 
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Computer  models,  even  the  most  elaborate,  are  too  poor  to  provide  a  reason  to  ignore  the 
record. 

4.  One  can  never  be  sure  of  the  future.  The  evidence  of  additional  rainfall  in  the  Sahara  and 
Europe  during  wanner  periods  can  only  be  taken  as  suggestive.  It  would  indicate  that 
during  a  warm  period  there  is  a  higher  probability  of  more  rain  than  less.  For  what  they  are 
worth,  most  of  the  GCMs  also  suggest  that  a  wanner  climate  will  increase  rainfall 
worldwide.  Other  factors  including  the  causes  of  the  temperature  shift,  however,  can  affect 
local  climates. 

Although  the  future  is  always  uncertain,  the  record  suggests  that  in  the  past  warmer 
weather  was  accompanied  by  more  clement  weather.  It  therefore  seems  somewhat  more 
likely  that  global  warming  would  bring  less  severe,  rather  than  more  severe,  weather. 

5.  Since  I  am  an  economist,  rather  than  a  specialist  in  the  other  fields  mentioned,  I  publish 
in  peer-reviewed  economic  journals.  I  have  an  extensive  list  of  publications  in  professional 
journals  and  have  just  submitted  an  article  to  The  Journal  of  Political  Economy,  one  of  the 
most  prestigious  of  the  economic  journals,  on  'The  Health  and  Amenity  Effects  of  Global 
Warming."  The  American  Geophysical  Union  did,  however,  invite  me  to  make  a 
presentation  to  their  fall  meeting  in  San  Francisco  last  year  on  some  of  my  findings  dealing 
with  the  health  benefits  of  a  warmer  climate.  Moreover,  my  paper  on  the  effect  of  climate 
change  is  focused,  not  on  climatology,  paleoclimatology,  or  anthropology,  but  on  the 
economic  effects  of  climate. 

6.  Inasmuch  as  transportation  is  considerably  easier  today  than  in  the  past,  mass  migration 
is  common  today.  Politics  could  make  the  movement  of  large  numbers  of  people  more 
difficult  than  in  the  past  —  it  probably  caused  conflict  in  antiquity  as  well  —  but  physically 
it  is  easier  to  migrate. 

Nevertheless,  the  relative  immunity  of  the  modern  world  —  at  least  the  industrialized 
portion  —  from  natural  calamities  stems  from  rich  nations  having  the  knowledge  and 
resources  to  deal  better  with  major  calamities.  For  example,  in  the  last  decade  both  Armenia 
and  Northern  California  suffered  from  earthquakes  of  magnitude  7. 1 .  The  Loma  Prieta 
qiuke  killed  59  while  the  one  in  Armenia  resulted  in  over  55,000  lives  lost  Within  the  last 
week  according  to  news  reports,  China  has  suffered  from  a  7.0  quake  that  cost  over  a 
1,000  lives.  The  difference  in  mortality  results  from  the  disparity  in  wealth  of  the 
communities.    Rich  advanced  countries  enjoy  better  housing  and  building  standards  and 
have  more  resources  available  to  provide  quick  assistance  that  can  minimize  losses. 
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Januaiy  18,  1996 


Dr.  Robert  W.  Corell 

Assistant  Director  for  Geosciences  and 

Chair,  Subconunittee  on  Global  Change  Research 
National  Science  Foundation 
Arlington,  VA   22230 

Dear  Dr.  Corell: 

I  want  to  express  my  appreciation  for  your  participation  in  the  Committee's  recent 
bearing  on  Global  Change  modelling.  Your  testimony  was  of  great  value  to  me  and  to  the 
Committee. 

Enclosed,  you  will  find  some  additional  questions  which  are  intended  to  clarify  certain 
points  raised  in  the  bearing  and  develop  additional  information  for  the  Committee's  use.  Your 
written  responses  will  be  included  as  part  of  the  hearing  record.  I  ask  that  you  provide  your 
responses  by  February  IS.  You  may  contact  Dr.  William  S.  Smith  of  my  staff  at  202/225-4439 
if  you  have  any  questions  regarding  this  request. 

Once  again,  thank  you  for  your  assistance. 


Ranking 
Enclosure 


^^:lv>*^uA^ 
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ADDITIONAL  QUESTIONS  FOR  FOR  THE  RECORD 
FOR  DR  CORELL 

1.  While  there  remain  significant  uncertainties  about  change  in  the  cliniate  system,  our 
understanding  appears  to  be  improving  significantly  as  a  resuh  of  global  change  research  efforts. 
However,  has  research  placed  adequate  emphasis  on  understanding  the  potential  consequences  of 
climate  change,  i.e.,  the  ecological  and  socioeconomic  impacts  and  impUcations 

of  these  changes? 

a.  What  programs  does  the  USGCRP  recommend  in  these  areas? 

b.  Should  a  larger  portion  of  current  USGCRP  fiinding  be  directed  into  research  and 
assessment  of  climate  change  consequences,  vulnerabilities,  and  "human  dimensions?" 

2.  Please  provide  as  part  of  your  response  copies  of  any  correspondence  and  documents  relating 
to  efforts  to  obtain  model  data  fi-om  Dr.  Mitchell  on  behalf  of  Dr.  Michaels.    Was  the  original 
research  conducted  by  Dr.  Mitchell  funded  by  the  U.S.  government? 

3.  Several  witnesses  have  alluded  to  critical  research  programs  needed  to  resolve  the  remaining 
uncertainties  in  the  global  warming  theory.  Please  conunent  on  the  role  and  importance  of  the 
following  programs  and  pending  Congressional  proposals: 


PROGRAM 

NOAA's  Climate  and  Global  Change 
Program 


PROPOSAL 

Terminate  program  in  its  current  form  and 
restrict  all  NOAA  research  to  seasonal  and 
interannual  variability  (U.K.  2043). 


NOAA  High  Performance 
Computing  Program 


Terminate  program  (H.R.  2043) 


EPA  Global  Change  Research 


DOE  Biological  and  Environmental 
Research 


Terminate  program  with  closeout  costs,  a 
reduction  of  S20  million  fi-om  request  level 
of  $22  million  (HR  1814) 

Terminate  Marine  Transport  for  Ocean 
Margins  Program,  Ecosystem  Functioning 
and  Response  program.  Computer 
Hardware.  Advanced  Mathematics  and 
Model  Physcs  Program,  World  Ocean 
Circulation  Experiment,  National  Institute 
for  GlobaJ  Environmental  Change,  and  freeze 
at  F.Y.  9S  levds  the  Atmospheric  Radiation 
Measurement  Program.  (HR.  1816). 
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NASA  Mission  to  Planet  Earth  Delay  indefinitely  the  PM  and  Chem 

Program  platforms  of  the  Earth  Observing  System, 

terminate  the  TOPEX  Foilowon  mission 

(H.R.  2043) 


OFFICE  OF  THE 

ASSISTANT  CMRECTOn 

FOflQEOSCIENCES 
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NATIONAL  SCIENCE  FOUNDATION 

4201  WILSON  BOULEVARD 
ARLINGTON.  VIRGINIA  22230 


March  8,  1996 


The  Honorable  George  E.  Brown,  Jr. 

U.  S.  House  of  Representatives 

Committee  on  Science 

Suite  2320 

Raybum  House  Office  Building 

Washington, DC.  20515-6301 

Dear  Congressman  Brown: 

Thank  you  for  the  opportunity  to  provide  additional  input  for  the  consideration  of  the  Committee 
on  Science  by  responding  to  the  very  thoughtful  questions  that  you  posed  in  your  letter  of  January 
18,  1996.  My  appearance  before  the  Subcommittee  on  Energy  and  Environment  was  on  behalf  of 
the  Subcommittee  on  Global  Change  Research,  and  this  response  has  their  endorsement. 

While  I  have  enclosed  detailed  responses  to  your  questions,  I  want  to  summarize  the  most 
important  aspects  in  this  overview  letter: 

1.  Question:  While  there  remain  significant  uncertainties  about  change  in  the  climate  system, 
our  uruJerstanding  appears  to  be  improving  significantly  as  a  result  of  global  change  research 
efforts.  However,  has  research  placed  adequate  emphasis  on  understanding  the  potential 
consequences  of  climate  change,  i.e.,  the  ecological  and  socioeconomic  impacts  and 
implications  of  these  changes? 

a.  What  programs  does  the  USGCRP  recommend  in  these  areas? 

b.  Should  a  larger  portion  of  current  USGCRP  funding  be  directed  into  research  and  assessment 
of  climate  change  consequences,  vulnerabilities,  and  "human  dimensions"? 

Brief  Response:  Research  on  projected  changes  in  climate,  on  the  potential  consequences  of 
these  changes,  and  on  the  socio-economic  implications  of  change  are  all  vital  and  necessary  parts 
of  a  comprehensive  research  program,  and  research  is  needed  in  all  of  these  areas  to  reduce 
uncertainties.  Furthermore,  advancing  one  area  depends  on  advancing  the  others— there  are 
generally  strong  interconnections;  for  example,  estimating  the  regional  implications  of  changes 
will  require  regional  estimates  of  climate  change  and  its  consequences.  Within  the  USGCRP, 
building  programs  on  consequences  research  needs  to  especially  include  the  stronger  participation 
of  those  agencies  having  special  interests  relating  to  consequence  areas;  this  would  allow  the 
continuation  of  the  critical  programs  we  have  while  enhancing  our  efiforts  on  consequences 
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research  relating  to  food  production,  forests,  water  resources,  coastal  regions,  human  health, 
ecosystems,  and  human  dimensions.  For  FY-95,  the  USGCRP  requested  and  the  President  and 
Congress  approved  some  additional  funding  in  this  area  within  the  NSF  budget.  Additional  efforts 
are  needed,  but  participation  is  currently  dampened  by  the  apparent  absence  of  Congressional 
interest  and  encouragement  and  by  the  very  pressing  uncertainties  relating  to  improvement  of 
climate  change  projections. 

2.  Question:  Please  provide  as  part  of  your  response  copies  of  any  correspondence  and 
documents  relating  to  efforts  to  obtain  model  data  from  Dr.  Mitchell  on  behalf  of  Dr.  Michaels. 
Was  the  original  research  conducted  by  Dr.  Mitchell furtded  by  the  U.S.  government? 

Brief  Response:  Copies  of  the  requested  correspondence  are  enclosed.  Dr.  Mitchell  is  not  funded 
in  whole  or  in  part  for  the  research  project  in  question.  We  made  one  request  suggesting  that  the 
model  resuhs  in  question  be  made  available,  although  we  did  not  view  this  as  essential,  and 
accepted  Dr.  Mitchell's  decision  to  withhold  these  detailed  data  until  they  were  able  to  further 
complete  their  analyses  (the  results  have  since  been  made  available  to  several  U.S.  groups 
collaborating  with  them).  With  regard  to  the  presentation  of  the  results  in  the  IPCC  report,  we 
accepted  the  perspective  of  many  other  reviewers  that  the  requested  results  were  not  required  to 
assess  the  overall  validity  of  the  findings  included  in  the  IPCC  report  and  that  the  IPCC  report  did 
not  go  beyond  results  that  were  publicly  available. 

3.  Question:  Several  witnesses  have  alluded  to  critical  research  programs  needed  to  resolve  the 
remaining  uncertainties  in  the  global  warming  theory.  Please  comment  on  the  role  and 
importance  of  the  following  programs  and  pending  Congressional  proposals:  NOAA  's  Climate 
and  Global  Change  Program,  NOAA  's  High  Performance  Computing  Program,  EPA 's  Global 
Change  Research,  DOE's  Biological  and  Environmental  Research,  and  NASA's  Mission  to 
Planet  Earth  Program. 

Brief  Response:  Given  the  broad  responsibility  assigned  by  Congress  to  the  USGCRP,  we 
depend  on  the  active  participation  of  many  agencies  and  a  diverse  set  of  programs.  Each  of  the 
programs  mentioned  in  your  letter  is  especially  vital  to  our  integrated  research  effort.  NOAA's 
research  on  natural  variability,  climate  change,  and  advanced  computing  are  all  vital  contributors 
to  understanding  long-term  climate  change,  interannual  variations,  and  changes  in  atmospheric 
chemistry— the  proposed  cuts  would  be  devastating.  EPA's  research  program  focuses  primarily  on 
consequences  relating  to  health  and  the  vitality  of  ecosystems—not  understanding  the  significance 
of  potential  changes  would  be  exactly  counter  to  the  enhanced  effort  cited  in  response  to 
Question  1.  DOE's  research  program  focuses  on  a  range  of  critical  issues  involving  carbon  cycle, 
climate  modeling,  and,  very  importantly,  the  tie  between  environmental  impacts  and  energy 
choices.  NASA's  MTPE  is  a  cornerstone  of  our  overall  program,  with  its  satellite  observations 
and  research  programs  essential  to  helping  us  understand  how  the  Earth  system  fijnctions  and  may 
be  perturbed  by  human  activities. 
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The  Honorable  George  E.  Brown,  Jr. 
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I  have  included  more  extensive  answers  to  each  of  these  questions  in  the  enclosure. 
Please  do  not  hesitate  to  contact  me  if  I  can  provide  further  information. 

Sincerely, 


Enclosure 
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ADOmONAL  QUESTIONS  FOR  THE  RECORD 
FOR  DR.  CORELL 

1.  While  there  remain  significant  uncertainties  about  change  in  the  climate  system,  our 
understanding  appears  to  be  improving  significantly  as  a  result  of  global  change  research  efforts. 
However,  has  research  placed  adequate  emphasis  on  understanding  the  potential  consequences  of 
clunate  change,  i.e.,  the  ecological  and  socioeconomic  impacts  and  impUcations  of  these  changes? 

a.  What  programs  does  the  USGCRP  recommend  in  these  areas? 

b.  Should  a  larger  portion  of  current  USGCRP  funding  be  directed  into  research  and 
assessment  of  climate  change  consequences,  vulnerabilities,  and  "human  dimensions"? 

Answer:  The  IPCC  Second  Assessment  reviews  the  state  of  current  understanding  in  three 
parts:  (i)  the  response  of  the  climate  to  human  influences,  including  greenhouse  gases  and 
aerosols  (ii)  the  impact  of  these  changes  on  resource  systems  and  ecosystems  and  the  potential 
means  for  mitigation  and  adaptation,  and  (iii)  the  social  and  economic  implications  of  the 
changes  and  consequences  and  the  potential  costs  for  taking  actions  to  reduce  emissions.  In  all 
three  of  the  areas  the  IPCC  identifies  important  questions  and  uncertainties  in  scientific 
understanding,  the  resolution  of  which  would  provide  more  certain  data  for  policymakers  to 
consider  as  they  ponder  and  negotiate  various  policy  responses.  In  addition,  the  resolution  of 
uncertainties  in  one  component  can  be  essential  to  reducing  uncertainties  in  other  sectors.  For 
example,  while  estimates  of  vulnerabilities  to  postulated  stresses  can  now  be  attempted,  in 
order  to  reduce  uncertainties  in  the  estimates  (e.g.,  of  potential  consequences  to  food,  water 
and  forest  systems),  it  is  essential  to  improve  the  regional  resolution  of  climate  change 
estimates.  Only  then  can  we  produce  credible  information  about  the  social  and  economic  costs. 
Quite  clearly,  a  coupled  and  parallel  research  effort  is  needed. 

To  continue  to  progress  in  understanding  the  implications  of  climate  change  for 
policymakers,  it  is  essential  to  sustain  a  strong  research  effort  on  how  the  climate  is  projected 
to  change.  USGCRP  research  efforts  have  recently  led  to  important  new  discoveries  about 
regional  aspects  of  global  climate  change.  For  example,  we  now  know  that  there  are  strong 
regional  climate-altering  effects  from  natural  and  human-induced  changes  in  the  concentration 
of  atmospheric  aerosols.  What  must  still  be  learned  is  how  to  represent  the  relevant  aerosol 
processes  in  climate  prediction  models  at  regional  scales. 

In  parallel,  there  indeed  needs  to  be  an  expansion  of  efforts  on  the  potential  consequences 
of  climate  change,  to  the  extent  possible  without  slowing  the  pace  of  research  on  climate 
change,  which  is  essential  for  the  consequence  evaluations.  That  a  balanced  approach  is 
essential  can  be  seen  by  considering  the  various  categories  of  consequences: 

(i)  The  effects  of  climate  change  and  carbon  dioxide  enhancement  on  agriculture  and  forests 
and  the  potential  for  adaptation:  For  studies  within  the  US,  the  USGCRP  benefits  from 
the  participation  of  the  USDA,  DOI,  and  the  USPS.  Most  efforts  in  these  agencies  are 
focused  on  non-climatic  stresses;  what  is  needed  is  modest  expansion  of  their  efforts  and 
enhanced  consideration  of  climate  change  as  a  stress  and  carbon  dioxide  as  a  potential 
benefit  in  addition  to  consideration  of  other  influences  now  being  studied.  EPA  has  been 
conducting  some  research  and  assessment  activities  in  this  area  that  unfortunately  may  be 
reduced.  The  US  undertakes  very  few  studies  of  international  implications,  one  example 
being  a  cooperative  study  with  Brazil  on  the  Amazon  basin,  where  NASA  satellite-related 
studies  are  proving  helphil  with  respect  to  recent  deforestation  estimates.  More  such 
international  studies  are  needed  in  cooperation  with  host  countries, 
(ii)  The  effects  of  climate  change  and  vegetation  changes  on  water  resources  and  the 
potential  for  adaptation:  Within  the  US,  the  USGCRP  benefits  again  from  studies  by  the 
DOI  and  USDA  on  water  resource  issues,  and  by  other  agencies  that  pursue  related 
research  for  other  reasons.  The  significant  variations  in  precipitation  and  soil  moisture 
from  year-to-year  drive  a  number  of  studies  on  short-term  influences  of  precipitation 
change;  improved  regional  resolution  of  climate  change  estimates  and  a  national 
assessment  of  climate  change  impacts  are  needed  to  provide  estimates  that  cover  each 
river  basin.  NSF  and  EPA  aJso  have  some  joint  basic  research  activities  in  this  area 
focused  more  on  near-term  aspects  of  hydrology.  Internationally,  the  US  research  effort 
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occurs  only  minimally  through  a  joint  international  research  program  on  the  Global 
Energy  and  Water  Experiment  (GEWEX). 
(iii)  The  effects  of  climate  change  on  human  health  and  the  potential  for  adaptation:  In  this 
area,  the  USGCRP  is  not  directly  sponsoring  any  significant  research,  but  general 
scientific  understanding  does  benefit  from  research  on  thermal  stresses  and  on  disease 
vectors  being  conducted  by  elements  of  the  HHS,  including  the  NBEHS  and  the  CDC. 
Growing  recognition  of  the  influence  of  climate  fluctuations  in  an  ecological  context  merit 
enhancwl  research  attention  on  this  aspect  of  climate  change  consequences, 
(iv)  The  effects  of  rising  sea  level  and  climate  change  on  coastal  regions  and  the  potential 
for  adaptation:  For  the  US,  the  USGCRP  has  benefited  from  assessments  by  EPA  on  the 
effects  of  rising  sea  level  on  coastal  communities  and  wetlands.  Research  on  the  factors 
contributing  to  sea  level  rise,  including  the  melting  or  build-up  of  mountain  and  polar 
glaciers,  is  generally  funded  by  USGS,  and,  for  satellite  measurements,  by  NASA. 
Modeling  and  measurements  contributing  to  understanding  the  heating  and  thermal 
expansion  of  the  oceans  are  generally  supported  by  NSF  and  NOAA. 
(v)  The  effects  of  climate  change  and  carbon  dioxide  buildup  on  terrestrial  and  marine 
ecosystems  and  the  potential  for  adaptation:  Research  on  terrestrial  ecosystem  impacts  is 
quite  limited,  although  it  is  being  stimulated  by  a  new  interagency  research  program  on 
terrestrial  ecology.  Budget  reductions  are,  however,  reducing  participation  in  this 
program.  Internationally,  the  US  has  not  yet  effectively  irutiated  participation  in  the 
international  research  program  on  terrestrial  ecology.  For  marine  ecosystems,  including 
fisheries  and  coral  reefs,  virtually  all  scientific  attention  is  on  near-term  aspects  of 
fisheries  and  over-fishing  rather  than  on  the  longer-term  implications  of  climate  change, 
including  potential  changes  in  the  locations  of  fisheries  and  on  the  overall  health  of 
marine  ecosystems  and  coral  reefs. 
In  addition  to  understanding  the  effects  of  climate  change  on  resource  systems  and  human 
health,  it  is  essential  to  conduct  research  of  the  implications  of  these  consequences  for  society 
in  general,  for  regions  and  communities,  and  for  the  economy  and  institutions.  Critical  areas  of 
uncertainty  here  include  how  to  value  ecosystems  and  the  non-market  benefits  of  the 
environment,  how  to  weigh  the  effects  of  impacts  on  our  generation  us  versus  those  of  our 
children  and  grandchildren  (intergenerational  equity),  how  to  weigh  impacts  on  different 
countries  (international  equity),  whether  one  can  really  counterbalance  impacts  on  one  region  or 
group  by  benefits  for  another  group  or  region  (intraregional  and  intragroup  equity),  and  what 
the  potential  is  for  adaptation,  for  new  technologies  to  replace  older  ones,  and  how  best  to 
provide  information  for  consideration  by  policy  makers.  While  some  funding  has  recently  been 
added  for  such  studies,  it  is  far  short  of  what  is  needed  to  provide  improved  information  for 
decision  makers  within  the  period  when  they  will  be  facing  challenging  decisions. 

With  respect  to  the  question  of  the  proportion  of  USGCRP  funding  being  devoted  to  our 
various  efforts,  we  are  currently  working  through  a  process  to  update  the  USGCRP  multi-year 
plan  and  will  be  looking  very  closely  at  the  question  of  relative  allocation  of  resources  while  it 
is  clear  that  additional  support  is  needed  for  studies  of  the  consequences  of  climate  change,  it 
will  be  deuimental  to  the  overall  effort  if  it  comes  at  the  expense  of  other  essential  activities  of 
the  USGCRP  (seasonal  to  interannual  fluctuations,  ozone  depletion,  changes  in  terrestrial  and 
marine  ecosystems,  global  observations,  and  a  continuing  search  for  potential  surprises)  that 
are  essential  in  order  to  produce  credible  estimates  of  the  consequences  of  global  environmental 
change.  We  will  be  reviewing  our  findings  and  our  multi-year  plan  with  the  National  Academy 
of  Sciences,  and  the  scientific  community,  and  other  during  1996. 

2.  Please  provide  as  part  of  your  response  copies  of  any  correspondence  and  documents  relating  to 
efforts  to  obtain  model  data  from  Dr.  Mitchell  on  behalf  of  Dr.  Michaels.  Was  the  original  research 
conducted  by  Dr.  Mitchell  funded  by  the  U.S.  government? 

Answer:  To  provide  perspective  for  this  question,  it  is  important  to  understand  the  IPCC 
authorship  and  review  process.  The  question  regarding  the  cited  data  concerns  Chapters  6  and 
8  of  the  IPCC  WG  I  report  dealing  with  mode!  projections  of  climate  change  and  with  detection 
of  the  human  influence  on  climate  change.  Dr.  Michaels  was  a  contributing  author  to  Chapter  8 
and  received  Chapter  8  for  review  initially  as  a  chapter  co-author  in  the  late  winter  of  1995.  In 
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that  this  was  before  USG  involvement  in  the  review  process,  we  have  no  record  of  any  request 
by  Dr.  Michaels  for  materials  at  this  important  review  stage  of  the  material  by  the  authors  and 
contributing  authors.  The  USG  received  the  WG I  draft  report  for  review  in  May  of  1995;  we 
presume  that  Dr.  Michaels  also  received  a  copy  of  this  version  of  Chapter  8  for  his  review  as  a 
contributing  author  (in  that  his  name  was  listed,  we  considered  him  to  be  in  agreement  with  a 
report  with  his  name  on  it).  While  this  draft  was  for  government  review,  the  USG  chose,  in  its 
review  of  all  IPCC  draft  documents,  to  solicit  input  to  our  review  process  not  only  from  USG 
agencies  and  departments,  but  also  from  scientific  experts,  from  those  who  have  in  the  past 
expressed  strong  opinions  about  IPCC  findings  (in  tlus  case  including  Dr.  Michaels),  and  from 
the  general  public  through  a  Federal  Register  notice.  While  we  passed  on  copies  of  all  input 
received  through  this  process,  the  USG  official  response  was  based  on  agency  input  and, 
where  government  experts  concurred  with  the  comments,  with  outside  cormnents  (usually 
edited  to  conform  to  USG  language). 

Upon  receiving  from  the  USG  a  copy  of  Chapter  6  and  of  Chapter  8  (of  which  he  was  a 
contributing  author).  Dr.  Michael  MacCracken,  director  of  the  coordinating  office  of  the  U.  S. 
Global  Change  Research  Program  and  USG  coordinator  for  the  IPCC  WG  I  review,  received  a 
telephone  call  on  May  11,  1995  from  Dr.  Michaels  complaining  that  the  data  included  in 
published  results  and  reports  were  not  sufficient  and  complaining  about  the  lack  of  the 
availability  of  detailed  numerical  results  from  a  model  simulation  conducted  by  Dr.  John 
Mitchell  of  the  United  Kingdom  Meteorological  Office's  Hadley  Centre.  Dr.  Michaels  indicated 
that  Dr.  Mitchell  had  declined  his  request  for  the  results  on  the  grounds  that  they  were  being 
held  for  further  analysis  and  were  not  needed  for  the  peer  review  of  the  points  made  in  the 
IPCC  report.  With  Dr.  Mitchell's  refusal.  Dr.  Michaels  requested  the  assistance  of  the  USG  in 
getting  access  to  this  information  in  that  he  said  the  US  supported  the  research  through  the 
IPCC  process.  Dr.  Michaels  also  suggested  that  he  would  pressure  the  US  Congress  to  stop 
funding  for  the  IPCC  if  the  data  were  not  made  available.  Dr.  MacCracken  indicated  that  Dr. 
Michaels  should  submit  the  request  for  the  data  in  writing;  it  was,  however,  submitted  only 
with  his  comments  on  the  Working  Group  report  (a  copy  of  his  submission  is  included  with 
his  testimony,  which  arrived  late  in  our  review  process).  In  response  to  Dr.  Michaels  telephone 
call.  Dr.  MacCracken  sent  an  e-mail  to  Dr.  Bruce  Callander  of  the  IPCC  Working  Group  I 
office  in  the  United  Kingdom:  Dr.  Callander  replied  to  this  e-mail  and  a  follow-up  message 
was  sent  (a  copy  of  this  exchange  is  included  as  Attachment  1).  A  comment  on  this  matter  was 
also  included  in  the  US  input  to  Working  Group  I,  urging  them  to  make  sure  that  conclusions 
only  be  drawn  from  literature  that  had  been  published  or  properly  reviewed  as  part  of  the  EPCC 
process  (a  copy  of  the  US  input  is  included  as  Attachment  2).  In  response  to  the  USG 
comments.  Dr.  Mitchell  provided  a  response  explaining  his  position  (this  message  is  included 
as  Attachment  3).  In  the  final  review  process,  the  USG  accepted  the  IPCC  Working  Group  I 
report,  convinced  that  the  materials  had  been  properly  and  fully  viewed  and  conformed  to  the 
IPCC  procedures. 

It  is  important  to  recognize  that  the  model  simulation  in  question  was  sponsored  by  the 
government  of  the  United  Kingdom,  not  in  any  way  by  the  United  States.  While  the  USG 
favors  prompt  release  of  data  and  model  results,  we  do  recognize  not  only  that  other  nations 
may  have  other  policies,  but  also  that  acknowledgment  must  be  given  to  the  intellectual  rights 
of  scientists  to  have  a  reasonable  opportunity  to  analyze  the  results  of  their  studies  before 
releasing  them  to  others.  In  addition,  the  USG  did  not  believe  that  these  additional  results  were 
required  for  a  full  review  of  this  chapter  (especially  in  that  US  scientists  were  primary  authors 
of  the  chapter  and  they  were  satisfied  with  the  model  results  that  were  available).  As  one 
fiirther  point,  the  issue  that  Dr.  Michaels  wanted  to  investigate  could  readily  have  been 
investigated  by  using  the  results  of  US  models  that  were  available  (and  these  results  would 
have  contradicted  Dr.  Michaels  contention).  As  a  result  and  because  there  was  no  IPCC 
requirement  to  make  such  information  available,  the  USG  did  not  see  the  failure  of  Dr. 
Michaels  to  have  access  to  the  data  as  either  a  serious  matter  or  as  a  justification  to  withhold 
endorsement  of  the  findings  of  Chapters  6  and  8,  or  of  the  full  IPCC  Working  Group  I  report. 

3.  Several  witnesses  have  alluded  to  critical  research  programs  needed  to  resolve  the  remaining 
uncertainties  in  the  global  warming  theory.  Please  comment  on  the  role  and  importance  of  the 
following  programs  and  pending  Congressional  proposals: 
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PROGRAM 

NOAA's  Climate  and  Global 
Change  Program 


NOAA  High  Performance 

Computing  Program 

EPA  Global  Change  Research 


DOE  Biological  and  Environmental 
Research 


NASA  Mission  to  Planet  Earth 
Program 


PROPOSAL 

Terminate  program  in  its  current 
form  and  restrict  all  NOAA 
research  to  seasonal  and  interannual 
variability  (H.R.  2043). 

Terminate  program  (H.R.  2043) 

Terminate  program  with  close-out 
costs,  a  reduction  of  $22  million 
(H.R.  1814) 

Terminate  Marine  Transport  for 
Ocean  Margins  Program, 
Ecosystem  Functioning  and 
Response  Program,  Computer 
Hardware,  Advanced  Mathematics 
and  Model  Physics  Program, 
World  Ocean  Circulation 
Experiment,  National  Institute  for 
Global  Environmental  Change,  and 
freeze  at  FY  95  levels  the 
Atmospheric  Radiation 
Measurement  Program.  (H.R. 
1816) 

Delay  indefinitely  the  PM  and 
CHEM  platforms  of  the  Earth 
Observing  System,  terminate  the 
TOPEX  follow-on  mission.  (H.R. 
2043) 


Several  witnesses  have  alluded  to  critical  research  programs  needed  to  resolve  the  remaining 
uncertainties  in  the  global  warming  theory.  Please  comment  on  the  role  and  importance  of  the 
following  programs  and  pending  Congressional  proposals: 

Answer:  Each  of  the  mentioned  programs  is  considered  separately  below: 

NOAA  Climate  and  Global  Change  Program 

Legislative  Proposal: 

Terminate  program  in  its  current  form  and  restrict  all  NOAA  research  to  seasonal  and 
interannual  variability.  (H.R.  1815)  (The  question  in  the  letter  from  the  Committee  refers  to 
H.R.  2043,  the  NASA  Authorization  Act  for  FY96,  but  presumably  the  Committee  intended  to 
refer  to  H.R.  1815,  the  NOAA  Authorization  Act  of  1995,  which  addresses  the  FY96  budget.) 

Effect  on  USGCRP  Activities: 

Termination  of  the  NOAA  Climate  and  Global  Change  Program  in  its  cunent  form  and 
restriction  of  all  NOAA  research  to  seasonal  and  interannual  variability  would  sharply  curtail 
the  ability  of  the  U.S.  to  maintain  its  global  lead  in  Earth  system  sciences.  If  NOAA's  research 
program  is  eliminated,  or  restricted  to  a  focus  on  the  seasonal  to  interannual  time  scale, 
significant  questions,  many  of  which  have  direct  implications  for  the  near-  and  long-term  future 
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"of  the  U.S.  and  global  economies,  would  remain  unanswered.  Specifically,  research  elements 
related  in  varying  degrees  to  understanding  and  predicting  global  climate  change  would  be 
eliminated  or  dramatically  reduced.  The  impact  of  such  a  reduction  in  the  USGCRP  could 
severely  impair  the  wider  U.S.  and  international  scientific  communities,  including  those  with  a 
research  emphasis  outside  of  the  longer  time  scales, 

NOAA  maintains  a  balanced  program  of  observations,  analytical  studies,  climate  prediction  and 
information  management  through  ongoing  efforts  in  operational  in  situ  and  satellite 
observations,  with  an  emphasis  on  oceanic  and  atmospheric  dynamics,  circulation,  and 
chemistry;  focused  research  on  ocean-atmosphere-land  interactions,  the  global  hydrological 
cycle,  the  role  of  ocean  circulation  and  biogeochemical  dynamics  in  climate  change, 
atmospheric  trace  gas/climate  interactions,  and  the  response  of  marine  ecosystems  and  Uving 
resources  to  climate  change  and  related  stress;  improvements  in  climate  modeling,  prediction, 
and  information  management  capabihties;  projection  and  assessment  of  seasonal  to  interannual 
and  decadal  to  centennial  environmental  change;  global  change  economics  and  human 
dimensions  research;  and  archiving,  management,  and  dissemination  of  data  and  information 
useful  for  global  change  research.  Together,  these  are  an  essential  component  of  the  overall 
USGCRP  effort. 

USGCRP  program  elements  in  NOAA's  Climate  and  Global  Change  budget  that  are 
specifically  focused,  in  whole  or  in  part,  on  reducing  scientific  uncertainties  about  long-term 
climate  change  include: 

1 .  Atmospheric  Chemistry  Project:  Improved  Understanding  of  Greenhouse  Gases,  Aerosols, 
and  Ozone  Layer  Depletion 

The  goal  of  this  program  is  to  improve  the  understanding  and  prediction  of  the  global  trends, 
controlling  processes,  and  radiative  impacts  of  (1)  greenhouse  gases,  notably  carbon  dioxide, 
methane,  nitrous  oxide,  halocarbons,  and  tropospheric  ozone,  and  also  aerosols;  and  (2) 
chemicals  that  deplete  the  stratospheric  ozone  layer,  in  both  polar  regions  and  globally,  and  the 
relation  of  ozone  losses  to  climate  change.  The  program  focuses  an  integrated  effort  composed 
of  global  time-series  measurements,  process-oriented  lab  and  field  studies,  and  theory  and 
modeling  on  improving  the  understanding  of  greenhouse-gas  and  aerosol  budgets, 
stratospheric  ozone  depletion,  and  their  relation  to  the  radiation  budget.  The  program  supports 
both  in-house  NOAA  laboratory  research  activities  and  non-Federal  (largely  academic)  research 
investigations. 

In  the  study  of  global  climate  change,  this  work  will  pay  off  in  a  better  understanding  of  global 
trends,  sinks,  and  variations  of  greenhouse  gases  and  aerosols,  providing  insight  leading  to 
improved  future  scenario  projections  for  inclusion  in  IPCC  assessments.  In  addition, 
quantification  of  the  CFC  cooling  effect  will  yield  more  accurate  predictions  of  surface 
temperature  changes,  which  will  aid  in  the  attribution  of  the  causes  of  climate  change. 
Characterization  of  tropospheric  (greenhouse)  ozone  will  help  define  the  relationship  between 
pollution  abatement  and  greenhouse  gas  abatement,  and  provide  a  more  complete  description  of 
the  changes  in  radiative  forcing. 

2.  Climate  Change  Data  and  Detection 

The  goal  of  this  program  is  to  provide  the  scientific  community  with  the  data  and  information 
necessary  to  assess  seasonal,  interannual,  decadal  and  longer  climate  variations  and  changes, 
distinguish  between  natural  and  human-induced  change,  and  strengthen  predictive  capability. 
The  current  program  focuses  on  the  following  objectives:  (1)  to  provide  data  and  information 
management  support  for  a  variety  of  national  and  international  programs  of  primary  interest  to 
the  USGCRP;  (2)  to  provide  data  and  information  management  support  related  to  cross-cutting 
science  efforts  necessary  to  assess  seasonal,  interannual,  decadal,  and  longer  climate  variations 
and  changes;  (3)  to  document  the  quantitative  character  of  observed  climate  variations  and 
changes;  and  (4)  to  attribute  changes  in  the  observed  climate  record  to  specific  climate  forcings. 
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These  objectives  are  accomplished  through  a  set  of  continuing,  focused  activities  by 
governmental  and  academic  researchers. 

As  a  result  of  NOAA's  Climate  and  Global  Change  data  management  efforts,  data  and 
information  are  being  made  accessible  to  researchers  and  policy  makers.  NOAA  data  represent 
the  largest  historical  record  of  the  Earth  and  the  only  significant  global  records  for  use  by  the 
Earth  Observing  System  (EOS).  These  data  are  essential  both  to  calibrate  new  EOS  data  and  to 
extend  the  record  to  interpret  EOS  data.  NOAA  data  sets  constitute  a  major  portion  of  the 
climate  record  and  are  principal  inputs  for  the  IPCC  assessments.  Nations  are  also  using 
NOAA  data  for  many  other  beneficial  purposes. 

3.  Climate  Dynamics  and  Experimental  Prediction  (CDEP) 

The  goal  of  the  CDEP  program  is  to  provide  quantitative  predictions  as  a  basis  for  reliable 
assessments  of  global  change  and  its  regional  implications  on  time  scales  of  seasons  to  a 
century.  The  program  has  four  primary  areas  of  interest:  coupled  model  development,  climate 
diagnostics,  experimental  prediction,  and  DPCC-related  modeling.  To  address  these  interest 
areas,  CDEP  supports  a  limited  number  of  critical  long-term  modeling  and  diagnostic  efforts, 
including  activities  at  the  National  Centers  for  Environmental  Prediction,  the  Geophysical  Fluid 
Dynamics  LaboratoryAJniversity  Modeling  Consortium,  the  Climate  Diagnostic  Center,  the 
Center  for  Ocean-Land-Atmosphere  Studies,  the  Scripps  Experimental  Climate  Forecasting 
Center,  and  the  Joint  Institute  for  Studies  of  the  Atmosphere  and  Ocean. 

CDEP  is  designed  to  establish  a  broad  community-wide  coupled  model  development  program 
in  partnership  with  other  agencies,  and  to  meet  the  assessment  needs  of  the  USGCRP  through 
a  program  of  climate  diagnostics  and  analytical  studies.  CDEP  supports  the  BPCC  process  by 
focusing  on  improvements  in  Earth  system  models  upon  which  IPCC  assessments  will  be 
based. 

4.  Climate  Observations 

The  goal  of  the  climate  observations  program,  NOAA's  USGCRP  contribution  to  the  Global 
Climate  Observing  System  (GCOS),  is  to  meet  the  scientific  requirements  for  information  that 
can  be  used  to  monitor  the  cUmate,  detect  climate  change,  predict  the  climate  system  on  time 
scales  ranging  from  seasonal  to  centennial,  and  perform  integrated  impact  assessments.  The 
program  consists  of:  (1)  long-term  ocean  observations  with  an  emphasis  on  in  situ 
measurements  of  key  parameters  for  understanding  climate;  and  (2)  development  of  high- 
quality,  climate-relevant  data  products  derived  from  NOAA  operational  observing  systems. 

The  long-term,  reliable  observational  record  provided  by  this  program  is  an  essential 
component  of:  (I)  seasonal  to  interannual  climate  forecasting  to  address  public  safety  and 
economic  decision-making  issues;  (2)  U.S.  contributions  to  the  IPCC;  and  (3)  assessments  of 
observed  and  anticipated  climate  change.  Until  the  NASA  Earth  Observing  System  becomes 
operational,  NOAA's  program  is  providing  the  only  major  global  observations  available  for 
understanding,  modeling,  and  predicting  the  environment,  and  when  EOS  is  implemented,  will 
continue  to  provide  complementary  data  that  are  essential  for  research  and  validation  of  the 
satellite  data. 

5.  Climate  Variability  and  PredictabiUty  (CLIVAR) 

The  goal  of  the  CLIVAR  program  is  to  determine  the  variability  and  predictability  of  the 
physical  climate  system  on  time  scales  of  seasons  to  a  century.  One  of  CLFVAR's  science 
thnists  will  focus  on  decadal  and  longer  variability  and  its  underlying  causes.  The  predecessor 
to  CLIVAR  had  significant  success  in  improving  predictions  of  seasonal  to  interannual 
variations  in  the  tropics,  which  is  starting  to  make  possible  forecasting  of  seasonal  climate 
fluctuations.  The  new  CLIVAR  program  will  now  also  include  fundamental  research  on 
atmosphere-ocean  interactions,  the  mechanisms  underlying  decadal  and  longer  variability,  the 
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global  ocean  circulation,  and  projects  designed  to  organize  and  synthesize  observations  of 
decadal  climate  variability.  A  major  contribution  will  be  the  Atlantic  Climate  Change  Program 
(ACCP),  designed  to  determine  the  sensitivity  of  the  global  climate  system  on  long  time  scales 
to  variability  in  Atlantic  Ocean  circulation  pattems  and  air/sea  fluxes.  The  ACCP  is  pursuing 
the  hypothesis  that  such  circulation  pattems  are  a  dominant  feature  of  interdecadal  climate 
change,  and  that  changes  in  ocean  circulation  could  potentially  lead  to  marked  climate  changes 
in  periods  of  a  decade  or  less,  as  has  occurred  during  periods  of  climate  change  in  the  past. 

CLFVAR's  aim  is  to  understand  and  improve  predictions  of  variations  in  the  natural  climate 
system  and  provide  important  input  to  ffCC  deliberations  on  the  impact  of  anthropogenic 
climate  forcing.  Contributions  to  climate  change  from  human  activity  can  only  be  understood  in 
the  context  of  the  naturally  varying  system. 

6.  Ocean-Atmosphere  Carbon  Exchange  Study  (OACES) 

The  goal  of  this  study  is  to  improve  the  understanding  of  the  ocean's  role  in  sequestering  the 
increasing  global  burden  of  atmospheric  carbon  dioxide.  OACES  has  two  major  scientific 
objectives:  (1)  to  carry  out  high-quality  measurements  of  carbon  dioxide  system  parameters 
that  can  be  used  to  document  the  transient  invasion  of  fossil  fuel-derived  C02  into  the  ocean's 
interior;  and  (2)  to  utilize  these  observations  in  ocean  and  atmosphere  general  circulation 
models  to  enable  more  accurate  predictions  of  future  climate  change  on  decadal  to  centennial 
time  scales. 

Improved  understanding  and  assessment  of  global  sources  and  sinks  of  atmospheric  C02  will 
provide  the  scientific  underpinning  for  more  accurate  assessments  of  cUmate  change  in  the 
future. 

7.  Paleoclimatology 

The  goal  of  the  Paleoclimatology  program  is  to  observe  and  identify  the  causes  and  processes 
responsible  for  natural  climate  variability  on  annual  to  century  scales,  and  to  extend  the  baseline 
of  natural  climate  variabihty  data  over  the  last  2,000  years.  The  reliable  prediction  of  decade  to 
century-scale  climate  variability  requires  knowledge  of  past  climate  variability  and  an 
understanding  of  how  the  climate  system  operates  on  time  scales  longer  than  a  few  decades- 
longer,  in  fact,  than  the  period  for  which  instrumental  records  are  available.  To  obtain  this 
knowledge  necessitates  giving  priority  to  development  of  centuries-long  records  of  North 
American  drought,  changes  related  to  the  El  Nino-Southem  Oscillation,  Asian  monsoon 
variability,  North  Atlantic  climate  change,  and  marine  ecosystem  dynamics.  Equally  important 
are  efforts  to  establish  a  paleoclimatic  framework  for  testing  the  ability  of  predictive  models  to 
simulate  the  observed  decade-  to  century-scale  panems  of  past  global  change. 

The  NOAA  Paleoclimatology  Program  contributes  the  long  time  series  needed,  as  a  baseline,  to 
identify  the  extent  to  which  recent  cUmate  change  is  driven  by  human  activity.  An 
understanding  of  how  the  climate  system  responded  to  altered  forcing  in  the  past  will  be  critical 
to  predicting  how  climatic  variability  will  be  affected  by  future  greenhouse  warming.  This 
understanding  may  also  help  anticipate  some  types  of  climate  system  responses  ("surprises") 
that  are  not  apparent  in  the  relatively  benign  record  of  climate  change  over  the  past  few 
thousands  years. 

NOAA  High  Performance  Computing  Program 

Legislative  Proposal: 

Terminate  program.  (H.R.  1815) 
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Effect  on  USGCRP  Activities: 

NOAA's  High  Performance  Computing  and  Communications  program  is  not  included  within 
the  budget  of  the  U.S.  Global  Change  Research  Program.  However,  the  HPCC  program 
focuses  on  supporting  major  improvements  in  the  Nation's  ability  to  forecast  the  weather  and 
predict  climate  change  by  stimulating  the  use  of  evolving  high-performance  computing  and 
high-speed  networking  technologies.  It  is  not  clear  what  the  rationale  is  for  proposing  to 
terminate  this  valuable  program. 

EPA  Global  Change  Research 

Legislative  Proposal: 

Terminate  program  with  closeout  costs.  (H.R.  1814) 

Effect  on  USGCRP  Activities: 

The  Science  Committee's  report  on  H.R.  1814  directs  the  Environmental  Protection  Agency  to 
terminate  global  climate  change  research  in  the  Office  of  Research  and  Development.  This 
would  amount  to  a  $21.0  million  reduction  from  the  President's  FY96  request  for  $23.4 
million,  leaving  $2.4  million  for  research  related  to  stratospheric  ozone  depletion. 

The  EPA  has  played  a  key  role  in  several  important  areas  of  global  change  research. 
Termination  of  the  EPA's  climate  change  research  activities  would  result  in  the  elimination  of 
the  following  program  elements: 

(1)  Terrestrial  Carbon  Flux  Tracking, 

(2)  Developing  Predictive  Models, 

(3)  Regional  Vulnerabilities,  and 

(4)  Integrated  Assessment  Research 

The  EPA  has  provided  the  Committee  with  a  written  response  for  the  hearing  record  that 
cogently  outlines  the  role  and  importance  of  these  activities  to  developing  a  sound  scientific 
understanding  of  global  climate  change.  The  EPA  response  notes  that  these  research  activities 
are  integral  components  of  the  USGCRP,  that  the  EPA  plays  a  unique  role  in  each  of  the  areas, 
and  states  that  the  EPA  fully  supports  the  USGCRP  approach,  in  which  individual  participating 
agencies  contribute  to  a  broader  coordinated  effort.  The  USGCRP  very  much  needs  and  relies 
on  EPA  research  and  would  benefit  from  additional  EPA  participation  in  consequence  and 
impact  studies. 

DOE  Biological  and  Environmental  Research 

Legislative  Proposal: 

Terminate  Marine  Transport  for  Ocean  Margins  Program;  Ecosystem  Functioning  and 
Response  Program;  Computer  Hardware,  Advanced  Mathematics  and  Model  Physics  Program; 
Worid  Ocean  Circulation  Experiment;  National  Institutes  for  Global  Environmental  Change; 
and  freeze  the  Atmospheric  Radiation  Measurement  Program  at  the  FY95  level.  (H.R.  1816) 

Effect  on  USGCRP  Activities: 

The  substantial  budget  reductions  and  numerous  program  terminations  proposed  in  H.R.  1816 
would  severely  impair  the  effort  to  seek  a  balanced  evaluation  of  critical  basic  scientific 
uncertainties  about  climate  change  and  global  warming. 
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The  Department  of  Energy's  global  change  research  addresses  scientific  issues  pertaining  to  the 
impacts  of  energy  production  and  use  on  the  global  Earth  system,  primarily  through  studies  of 
climate  response,  and  includes  research  in  climate  modeling,  carbon  sources  and  sinks,  impacts 
on  vegetation  and  ecosystems,  critical  data  needs  for  global  change  research  and  for  early 
detection  of  climatic  change,  and  funding  for  education  and  training  of  scientists  and 
researchers  in  global  change.  H.R.  1816  proposes  to  eliminate  the  following: 

1.  Marine  Transport  for  Ocean  Margins  Program  (coastal  ocean) 

The  Ocean  Margins  Program,  the  largest  component  of  the  DOE  Oceans  Research  budget,  is 
the  major  U.S.  program  for  understanding  the  ocean  margins'  role  in  the  global  carbon  cycle. 
There  is  evidence  that  uptake  of  carbon  dioxide  is  enhanced  in  coastal  ocean  regions.  This 
could  potentially  lead  to  a  lower  projected  future  increase  in  the  atmospheric  carbon  dioxide 
concentration.  No  other  agency  is  pursuing  this  investigation. 

The  goal  of  DOE  Oceans  Research  is  to  improve  our  understanding  of  ocean-atmosphere- 
climate  interactions  and  the  global  carbon  cycle,  with  major  emphasis  on  measuring  and 
modeling  physical  and  chemical  processes  within  the  deep  ocean  and  on  quantifying  biological 
and  biogeochemical  processes  within  the  coastal  ocean.  DOE  has  traditionally  supported  long- 
term  interdisciplinary  studies  on  the  structure  and  function  of  ocean  systems  as  part  of  its 
concern  for  sustainable  development  and  the  dispersal  and  fate  of  energy-related  materials 
(including  carbon  dioxide)  in  the  marine  environment. 

2.  Ecosystem  Functioning  and  Response 

DOE's  Program  on  Ecosystem  Research  (PER)  will  provide  information  needed  to  assess  the 
vulnerability  of  terrestrial  ecosystems  to  climate  change.  The  goals  of  this  experimental 
research  program  are  to:  (1)  improve  understanding  of  the  responses  and  adjustments  of 
terrestrial  organisms  and  ecosystems  to  atmospheric  and  climatic  changes,  and  the  mechanisms 
controlling  the  responses;  (2)  develop  ways  to  detect  the  responses;  and  (3)  scale  the  responses 
up  to  the  whole  ecosystem.  PER  is  an  important  part  of  the  USGCRP  interagency  Ten-estrial 
Ecology  (TECO)  program. 

3.  Computer  Hardware,  Advanced  Mathematics  and  Model  Physics  Program  (CHAMMP) 

CHAMMP  is  the  only  USGCRP-sponsored  program  that  is  working  to  transfer  existing 
climate  models  developed  by  all  agencies  for  use  on  the  new  generations  of  massively  parallel 
computers~a  unique  research  strength  of  DOE,  especially  because  of  its  national  laboratories. 
The  program  is  not  duplicative  of  other  agency  modeling  programs.  The  ability  to  conduct 
faster,  longer,  and  better  climate  simulations  will  enhance  the  ability  to  project  what  changes 
might  occur  in  particular  regions,  a  crucial  next  step  for  cUmate  change  modeling. 

CHAMMP  will  rapidly  advance  the  science  of  decade-to-century  climate  prediction  by 
expanding  the  current  theoretical  basis  of  climate  dynamics  and  by  the  continual  optimization  of 
computer  models  that  are  used  for  climate  prediction  and  assessment  of  chmate  change.  This 
will  make  available  to  the  research  community  more  accurate  climate  prediction  tools  that  take 
advantage  of  the  most  current  computing  technology. 

The  largest  portion  of  the  CHAMMP  budget  supports  development  of  massively-parallel 
versions  of  general  circulation  models  (GCMs),  including  the  procurement  of  computer 
resources  on  leading  edge  parallel  supercomputers.  The  program  also  supports  theoretical 
studies  of  decade-to-century  climate  change  and  natural  climate  variability.  It  is  currently 
assumed  that  climate  change  studies  and  assessments  will  be  carried  out  with  large  atmospheric 
and  ocean  GCMs  that  form  the  foundation  of  the  most  sophisticated  climate  models.  The 
theoretical  studies  will  critically  evaluate  this  assumption. 
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In  addition,  CHAMMF  includes  res*""**"  ••'.to  new  and  better  numerical  techniques  as  well  as 
improvement  to  existing  roetuoos  usea  in  GCMs.  The  initial  impetus  for  this  effort  was  the 
evolution  of  massively  parallel  supercomputers  that  could  be  used  for  scientific  and  engineering 
applications.  Finally,  support  for  the  development  of  improved  process  parameterizations  for 
GCMs  provides  the  link  between  CHAMMP  and  the  Atmospheric  Radiation  Measurement 
(ARM)  program,  which  is  discussed  below. 

4.  World  Ocean  Circulation  Experiment  (WOCE) 

DOE'S  contribution  to  the  World  Ocean  Circulation  Experiment  leverages  international  funding 
to  measure  carbon  dioxide  uptake  in  the  deep  ocean.  This  research  on  the  rate  at  which  carbon 
dioxide  is  taken  up  by  the  oceans  is  crucial  to  improving  estimates  of  future  atmospheric 
concentrations  of  carbon  dioxide. 

This  component  of  the  DOE  Ocean  Research  program  is  aimed  at  developing  a  global 
description  of  the  oceanic  carbonate  system,  in  order  to  sea-truth  ocean-atmosphere  gas- 
exchange  and  carbon-cycle  models.  University  and  national  laboratory  scientists,  under  DOE 
sponsorship,  are  making  carbon  dioxide  and  carbonate  system  measurements  along  WOCE 
hydrographic  Unes  as  a  component  of  the  international  Joint  Global  Ocean  Flux  Study 
(JGOFS).  The  program  also  supports  development  of  mathematical  models  for  measuring  the 
ocean's  physical,  chemical,  and  biological  state,  for  obtaining  high  frequency  in-situ 
measurements  of  the  environmental  and  biological  factors  affecting  carbon  fluxes  and  for 
predicting  changes  in  the  carbon  dioxide  content  of  the  ocean  and  atmosphere  that  may  result 
from  fossil  fuel  combustion. 

5.  National  Institute  for  Global  Environmental  Change  (NIGEC) 

NIGEC  is  a  Congressionally-mandated  institution  operated  by  the  University  of  California.  It 
is  made  up  of  six  regional  centers  sited  at  universities  around  the  country.  These  centers 
support  research  on  the  DOE  global  change  research  priorities  at  universities  and  nonprofit 
research  institutions  within  the  six  regions.  The  NIGEC  research  goals  are:  (1)  to  improve 
understanding  of  the  local  and  regional  effects  of  climatic  and  atmospheric  changes  on 
ecological  systems  in  the  United  States;  (2)  to  develop  methods  and  models  for  conducting 
integrated  assessments  of  the  greenhouse  effect  on  ecological  and  human  systems  and  the 
consequences  of  different  policy  options  for  dealing  with  the  causes  and  consequences;  (3)  to 
improve  predictive  models  of  climate  change;  and  (4)  to  estimate  regional  sources  and  sinks  of 
energy-related  greenhouse  gases,  especially  carbon  dioxide  and  methane. 

6.  Atmospheric  Radiation  Measurement  (ARM) 

H.R.  1816  would  authorize  funding  of  operations  for  the  ARM  program  at  the  FY95  level. 
However,  the  proposed  zeroing  of  funding  for  global  climate  change  capital  equipment  would 
have  the  (perhaps  unintended)  consequence  of  delaying  or  eliminating  a  vital  component  of  the 
program.  The  capital  equipment  component  of  the  ARM  budget  for  FY96  has  been  requested  in 
order  to  support  an  extension  of  the  program  into  the  western  tropical  Pacific,  which  would 
allow  investigation  of  what  has  been  called  the  "themiostat  hypothesis."  This  hypothesis 
posits  that  there  is  a  self-controlling  mechanism  that  will  naturally  constrain  global  warming  in 
the  hottest  oceanic  and  island  regions. 

NASA  Mission  to  Planet  Earth  Program 

Legislative  Proposal: 

Delay  indefinitely  the  PM  and  CHEM  platforms  of  the  Earth  Observing  System;  terminate  the 
TOPEX/Poseidon  follow-on  mission.  (H.R.  2043) 

Effect  on  USGCRP  Activities: 
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Large,  sustained  reductions  in  the  Mission  to  Planet  Earth  program,  including  proposed 
indefinite  delays  or  cancellation  of  core  flight  components  including  the  PM  and  CHEM 
satellite  series,  would  do  irreparable  damage  to  the  Nation's  global  change  research  priorities. 
Curtailment  of  the  current  MTPE/EOS  effort  would  delay  or  end  the  world's  first  integrated 
satellite  observations  and  scientific  research  system  designed  to  address  systematically  the  basic 
uncertainties  about  global  wanning,  climate  change,  and  other  fundamental  global  change 
scientific  issues. 

The  CHEM- 1  is  the  first  and  only  planned  opportunity  for  global  mapping  of  nitrogen  oxides 
in  the  lower  atmosphere.  Emissions  of  nitrogen  oxides  are  directly  involved  in  the  formation  of 
ozone.  Rapid  increases  in  nitrogen  oxide  emissions  are  occurring  in  East  Asia  from  low- 
technology  coal  combustion.  It  is  vital  to  U.S.  interests  to  understand  Lhe  spatial  impact  of 
nitrogen  oxide  emissions  and  ozone  distribution  in  the  lower  atmosphere  in  the  next  decade. 
Changes  in  lower  atmospheric  ozone  will  be  the  most  important  environmental  policy  issue  in 
the  lower  atmosphere  in  the  21st  century.  Ozone  is  directly  involved  in  human  health,  stress  on 
vegetation  and  crops,  climate,  and  global  air  quality. 

In  addition  to  imposing  a  delay  on  PM-1  and  CHEM-1  and  eliminating  all  funding  for  CHEM- 
1,  the  Science  Committee  report  language  on  H.R.  2043  also  calls  for  an  $86.9  million 
reduction  in  the  EOS  Data  and  Information  System  and  an  additional  $84.7  million  reduction  in 
the  Research  and  Analysis  function  within  Mission  to  Planet  Earth.  Budget  reductions  of  this 
magnitude  would  seriously  undercut  the  EOS  program  and  elements  of  the  MTPE  research 
program  critical  to  USGCRP  science  priorities. 

CanceUation  of  the  TOPEX/Poseidon  follow-on  would  mean  losing  basic  data  needed  in  order 
to  understand  and  predict  global  climate  change.  The  TOPEX/Poseidon  follow-on  is  especially 
critical  to  advances  in  seasonal-to-interannual  climate  prediction  research.  It  wiU  provide  the 
best  set  of  observations  for  determining  the  large-scale  surface  layer  transports  of  heat  from  the 
tropical  regions  to  colder  northern  latitudes.  The  TOPEX/Poseidon  follow-on  is  also  significant 
to  the  U.S.  Navy  to  meet  national  security  forecast  needs. 

The  goal  of  the  Earth  Observing  System  is  to  provide  an  integrated,  comprehensive 
measurement  program  for  systematic  observation  of  the  whole  Earth  from  space,  to  enable 
scientists  both  to  monitor  global  change  and  to  study  a  wide  range  of  processes  governing  the 
environment. 

In  order  to  advance  scientific  understanding  of  the  entire  Earth  system  and  to  develop  a  deeper 
comprehension  of  its  components  and  the  interactions  among  them,  it  is  essential  to  collect, 
archive,  and  analyze  long-term,  comprehensive  global  observations.  EOS  will  contain  the  most 
comprehensive  observation  system  in  the  U.S.  Global  Change  Research  Program.  The  EOS 
series  of  satellites  will  provide  global  observations  of  the  land  surface,  biosphere,  solid  Earth, 
atmosphere,  and  oceans  for  a  minimum  of  15  years. 

The  Earth  Observing  System  will  greatly  enhance  our  ability  to  understand  and  predict  the 
dynamics  of  many  parts  of  the  Earth  system.  These  include: 

(1)  Hydrologic  and  dynamic  processes,  which  control  the  Earth's  temperature  and  the 
formation,  maintenance,  and  dissipation  of  clouds  and  their  interactions  with  solar 
radiation. 

(2)  Biogeochemical  processes,  which  contribute  to  the  formation,  transport,  and  fate  of  trace 
gases  and  aerosols  and  their  global  distributions. 

(3)  Climatological  processes,  which  govern  the  interaction  of  land  and  ocean  surfaces  with  the 
atmosphere  through  the  transport  of  water,  heat,  mass,  and  momentum. 

(4)  Ecological  processes,  which  are  affected  by  and/or  will  affect  global  change,  and  their 
response  to  such  changes  through  adaptation  and  adjustment. 
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(5)  Geophysical  processes,  which  have  shaped  and  continue  to  modify  the  Earth's  surface 
through  volcanism  and  melting  of  glaciers  and  sea  ice. 

The  goal  of  the  EOS  Flight  Development  program  is  to  build,  integrate,  launch,  operate,  and 
produce  science  data  products  for  the  science  community  at  large  for  the  AM,  PM,  and  CHEM 
missions. 

The  EOS-AM  instruments  are  designed  to  observe  and  measure: 

( 1 )  the  physical  and  radiative  properties  of  clouds; 

(2)  air-land  and  air-sea  exchanges  of  energy,  carbon,  and  water, 

(3)  vertical  profiles  of  important  greenhouse  gases;  and 

(4)  volcanology. 

The  EOS-PM  instruments  are  designed  to  observe  and  measure: 

(1)  cloud  formation,  precipitation,  and  radiative  properties; 

(2)  air-sea  fluxes  of  energy,  carbon,  and  moisture;  and 

(3)  sea-ice  extent. 

The  EOS-CHEM  instnmients  are  designed  to  observe  and  measure: 

(1)  atmospheric  aerosols,  ozone,  and  water  vapor; 

(2)  atmospheric  trace  gases;  and 

(3)  ozone,  based  on  chlorine  monoxide,  bromine  oxide,  and  water  vapor. 

Analysis  of  the  data  provided  by  this  integrated  set  of  measurements  will  strengthen  our  basic 
scientific  understanding  of  the  extent,  causes,  and  consequences  of  global  climate  change.  EOS 
will  provide  systematic  measurements  to  address  uncertainties  that  are  recognized  as  crucial  to  a 
fundamental  understanding  of  global  warming,  including  atmospheric  water  vapor,  clouds,  and 
aerosols. 

EOS  is  based  on  a  rich  scientific  heritage.  Each  instrument  type  to  be  included  in  EOS  has 
flown,  or  will  fly,  prior  to  EOS  launch,  as  a  satellite.  Space  Shuttle,  aircraft,  or  balloon 
payload.  All  the  data  will  be  reduced,  analyzed,  and  made  readily  available  to  the  EOS  research 
community  and  others  through  the  EOS  Data  and  Information  System  (EOSDIS).  All  of  the 
scientific  research  elements  of  EOS  have  been  selected  through  peer  evaluation  and  have  been 
reviewed  by  science  advisory  committees  both  at  NASA  and  at  the  National  Academy  of 
Sciences.  Appropriate  agency,  interagency,  scientific,  and  international  reviews  have 
demonstrated  that  EOS  is  both  scientifically  and  technically  sound. 

Regarding  the  proposed  termination  of  the  TOPEX/Poseidon  follow-on  mission: 

TOPEX/Poseidon,  a  joint  U.S.-France  mission,  is  designed  to  provide  ongoing  remote 
sensing  measurement  of  ocean  height,  with  very  high  resolution  and  unprecedented  accuracy. 
The  first  stage  of  the  program  has  a  five-year  life,  with  a  scheduled  follow-on  satellite  to 
provide  a  continuous  time  series  of  vital  data.  This  data  set  is  not  duplicated  by  any  other 
program,  i.e.,  there  is  no  redundancy  in  the  system. 

Ocean  height  is  a  prime  measurement  needed  in  order  to  understand  oceanic  circulation, 
because  ocean  height  variations  are  an  important  driving  force  for  ocean  currents.  Oceanic 
circulation  moves  heat  around  the  planet,  which  in  turn  controls  the  magnitude  and  timing  of 
climate  change  and  global  warming  on  decadal  time  scales.  Thus,  cancellation  of  the 
TOPEX/Poseidon  follow-on  would  mean  losing  basic  data  needed  in  order  to  understand  and 
predict  global  climate  change. 
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Summary 

The  USGCRP  is  a  coordinated  interagency  program  that  depends  on  sustained  contributions  by 
many  agencies,  each  focusing  their  attention  on  areas  where  they  have  special  institutional 
interests  and  strengths.  Reductions  of  the  magnitude  proposed  in  the  Science  Committee 
authorization  bills  would  have  devastating  effects  on  the  U.S.  program,  dropping  us  out  of  a 
number  of  critical  international  efforts.  We  strongly  recommend  against  such  precipitous 
actions. 
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Attachment  to  letter  to  Congressman  George  Brown  from  Dr.  Robert  Corell, 
March  4,  1996 


ATTACHMENT  1 


E-mail  dated  5/11/95  to  Dr.  Bruce  Callander,  IPCC  Working 
Group  I  from  Michael  MacCracken,  USGCRP 

E-mail  dated  5/12/95  to  Michael  MacCracken,  USGCRP,  from  Dr. 
Bruce  Callander,  IPCC  Working  Group  I 

E-mail  dated  5/12/95  to  Dr.  Bruce  Callander,  IPCC  Working 
Group  I  from  Michael  MacCracken,  USGCRP 
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Attachment   1  -  Letter  to  Congressman  Brown  from  Dr.   Robert  Corell.  March  4,    1996 

I      "Dr  Bruce  A  Callander,  IPCC  WGI  Technical  Support  Unit"    <CALL,S/ll/95  1;3      1 

To:  'Dr  Bruce  A  Callander,  IPCC  WGI  Technical  Support  Unit"   <CALLANDERB@nieto.govt  .uk> 

From:  mmaccrac@usgcrp.gov  (Mike  MacCracken) 

Subject:  Re:  WG  I  review 

Cc: 

Bcc: 

X-Attachments : 

Bruce--Thanks  for  the  guidelines  on  the  chapters--we  will  see  if  we  can  grooup 
comments  by  major  chapter  section — that  was  actually  very  helpful  in  our  earlier 
reviews  and  we  then  took  it  out  to  meet  the  guidelines  of  WG  II  and  III. 

The  phone  number  you  have  (and  the  fax  number)  is  for  my  California  office  and  you 
need  to  update  to  Washington  DC  (sse  the  signature  at  the  end  of  the  msg) . 

Heads  up  for  a  controversial  issue.  I  just  got  a  call  from  Pat  Michaels  indicating 
that  to  properly  review  the  IPCC  results  he  needs  access  to  the  monthly  or  seasonal 
sequence  of  gridded  data  for  the  recent  UKMO  simulations.  He  emailed  John  Mitchell  for 
the  information  and  John  turned  him  down.  While  I  understand  that  the  run  is  new  and 
that  they  have  not  yet  had  a  chance  to  publish  the  results  of  the  C02  Euid  C02  plus 
sulfate  simulations,  if  this  paper,  with  its  indication  of  about  a  0.5  C  warming  in 
the  1990s  cind  later  warming  is  to  be  mentioned  so  explicitly  in  the  IPCC  report  it 
would  seem  that  they  would  at  least  have  to  release  these  results  to  invited  reviewers 
(and  Pat  is  on  your  listing)  with  the  caveat  that  they  can  be  used  only  for  review 
purposes.  In  my  perusal  of  the  report,  I  did  not  see  them  even  including  graphs  of 
seasonal  results  for  recent  decades,  much  less  trends,  etc.  and  I  would  think  this  is 
likely  to  be  needed  for  the  argument  of  the  relative  roles  of  sulfate  and  aerosols. 

Given  your  office's  role  in  the  IPCC  process  and  the  need  for  IPCC  to  be  relying  on 
reviewed  and  available  information,  I  would  hope  that  you  would  consider  the  situation 
and  see  what  can  be  done  (I  doubt  that  Pat  will  be  the  only  such  requester--he  just 
got  to  reading  the  report  first  is  my  guess) .  This  detection  and  attribution  issue  is 
very  important  and  needs  to  be  fully  discussed  and  investigated.  Pat  is  going  to 
reiterate  his  request  to  John  Mitchell--I  would  think  your  office  should  be  involved 
as  well  in  considering  how  to  make  sure  the  needed  information  is  available  in  a 
timely  way  for  the  review  process . 

Mike 

>Dear  Mike  -  a  reply  to  your  e-mail  of  2  May  concerning  our  instructions  for  review 

>commments.  The  instructions  are  designed  to  be  a  guide  rather  than  a 

>straightjacket  so  it  may  help  if  I  explain  what  we  are  trying  to  achieve. 

> 

>Our  aim  is  to  minimize  the  burden  on  the  lead  authors  by  letting  them  assess  the 

>overall  extent  and  distribution  of  comments  on  their  chapter  by  looking  at  the 

>cover  sheets.   The  function  of  the  cover  sheet  is  to  give  an  overall  summary  of 

>the  comments  that  are  attached,  and  to  distinguish  really  substantive  issues  from 

>detailed  comments  on  style.   Occasionally  it  will  be  appropriate  to  use  a  single 

>cover  sheet  for  all  comments  relating  to  one  chapter;  more  often  it  will  be  more 

>appropriate  to  use  more  than  one  cover  sheet . 

> 

>Different  lead  authors  deal  with  different  aspects  and  in  the  se*.  level  chapter, 

>for  example,  it  would  seem  logical  to  put  substantive  comments  relating  to  thermal 

>expansion  effects  under  a  different  cover  sheet  from  substantive  comments  relating 

>to  changes  in  land  ice.   But  keep  to  major  sub-divisions  -  i.e. probably  10  at  the 

>very  most  per  chapter,  but  more  like  5.   I  certainly  didn't  inted  that  a  new  cover 

>sheet  be  used  for  each  sentence. 
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>Detailed  comments  on  style  could  be  gathered  under  a  single  cover  sheet  for  the 

>whole  chapter,  as  you  have  done  for  WGII. 

> 

>Incidentally  I  tried  Co  phone  you  but  got  a  message  saying  that  the  number  (1  510- 

>532-1826)  was  disconnected.  Am  I  using  an  old  number? 

> 

>Yours  sincerely, 

> 

>Bruce  Callander 


Printed  for  mmaccrac@earth.usgcrp.gov  (Mike  MacCracken) 


1175 


Attachment  1  -  Letter  to  Congressman  Brown  from  Dr.  Robert  Corell,  March  4,  1996 
I   Dr  Bruce  A  Callander,  IPCC  WGI  Technical  Support  Unit,5/12/9S  9:57  AM,Rc; 

Date:  Fri,  12  May  1995  14:57:10  +0000  (GMT) 

From:  "Dr  Bruce  A  Callander,  IPCC  WGI  Technical  Support  Unit" 

<CALLANDER3@meto . govt . uk> 
Subject:  Re:  WG  I  review  -  Pat  Michaels 
To:  nunaccrac@usgcrp.gov 
Mime-Version :  1.0 

Dear  Michael  -  I  sat  down  to  e-mail  you  with  information  about  Pat  Michaels' 
request  for  data  from  the  Hadley  Centre  (HO ,  but  see  from  your  e-mail  that  PM 
has  already  contacted  you. 

So  far  the  correspondence  has  been  between  PM  and  John  Mitchell  (acting  in  his 
capacity  as  a  Hadley  Centre  modeller,  rather  than  as  an  IPCC  representative) . 
John  is  reluctant  to  give  out  gridded  data  and  has  offered  PM: 

1.  A  pre-print  of  a  J  Clim  paper  describing  the  derivation  of  the  aerosol 
forcing  of  the  HC  model . 

2.  A  pre-print  of  a  paper  to  appear  in  Nature  (subject  to  PM's  written  guarantee 
that  he  would  not  use  or  publish  it  in  any  way  except  in  his  confidential  review 
of  the  IPCC  report) .  This  paper  gives  some  information  on  the  goodness-of-f it  to 
observations . 

Reasons  for  John's  reluctance  to  give  gridded  data  are: 

1.  It  is  common  practice  for  modellers  to  hold  onto  their  raw  data  till  they 
have  had  sufficient  time  to  analyse  it  themselves  before  releasing  it  to  outside 
bodies . 

2.  It's  not  clear  why  PM  needs  the  data  themselves  and  cannot  work  with  the 
figures  given  in  the  report  and  backup  material  offeree^. 

3.  JM  has  never  in  his  experience  had  a  reviewer  ask  for  grid  data,  and  fails 
to  see  the  justification  for  it.  The  only  reason  given  in  PM's  e-mail  was  "I  am 
particularly  interested  in  certain  spatial  characteristics  of  this  model  that  I 
think  may  be  exceedingly  germane  to  the  1995  assessment'. 

I  am  sympathetic  to  John's  view.   Model  data  need  to  be  handled  with  care  and 
with  a  degree  of  expertise.   If  we  give  it  to  one  reviewer  do  we  make  it 
available  to  all?   And  why  just  the  Hadley  Centre  data,  and  why  just 
temperature? 

The  key  question  is:   does  a  reviewer  really  need  the  raw  data  (as  opposed  to 
the  descriptive  and  diagrammatic  material  already  offered)  in  order  to  carry  out 
the  review.  So  far  PM  has  not  made  a  real  case  in  support  of  what  is  a  very 
substantial  request,  and  JM  believes  that  the  background  information  he  has 
offered  is  entirely  adequate  for  review  of  the  draft  report. 

John  Houghton  will  be  here  on  Monday  and  we  can  discuss  the  matter  then. 
Certainly  I  recognise  that  this  situation  has  the  capacity  to  stir  up  trouble 
for  IPCC  so  we  must  handle  it  carefully. 

Regards , 

Bruce  Callander 
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Attachment   1  -  Letter  to  Congressman  Brown  from  Dr.   Robert  Corell,  March  4,   1996 

I      "Dr  Bruce  A  Callander,  IPCC  WGI  Technical  Support  Unit"    <CALL,5/12/95  11:       1      | 

To:  "Dr  Bruce  A  Callander,  IPCC  WGI  Technical  Support  Unit"   <CALLANDERB@meto.govt .uk> 

From:  mmaccraceusgcrp . gov  (Mike  MacCracken) 

Subject:  Re:  WG  I  review  -  Pat  Michaels 

Cc: 

Bcc: 

X- At  t  achmen  t  s : 

Dear  Bruce--In  my  discussion  with  Pat  Michaels,  what  he  wanted  to  look  at  was  the 
recent  trends  in  the  temperature  field  in,  for  example,  the  high  latitudes  to  see 
whether  the  warming  there  is  in  accord  or  out  of  accord  with  observations.  What  I  see 
as  the  issue  is  that  I  could  not  find  any  plots  from  the  run  giving  global  plots  of 
seasonal  trends  for  recent  decades,  yet  the  reports  on  the  run  are  claiming  agreement 
with  observations  for  recent  periods.  PM  would  really  like  the  data.  I  suggested,  but 
he  was  not  enthusiastic  about,  getting  seasonal /decadal  trend  maps  or  something  like 
that.  The  problem  I  see  is  that  if  the  report  gives  a  lot  of  play  to  what  is  a  very 
important  new  simulation,  but  enough  results  are  not  available  to  really  know  what  it 
does,  IPCC  looks  to  be  violating  its  rules  of  relying  only  on  reviewed  and  available 
results . 

Regarding  how  this  could  further  expandw  into  a  major  issue,  PM's  views  on  the 
chapters  (and  thus  on  this  issue)  will  almost  certainly  be  conveyed  to  those  in 
industrial  NGOs  who  seek  his  evaluation.  What  is  the  chance  that  John  will  have  even  a 
report  available  on  the  results  in  the  not  too  distant  future  (for  example  before  the 
plenary)?  The  model  is  documented  and  published,  so  that  is  okay--what  isn't  available 
and  would  seem  to  be  important  is  results  (maps)  on  trends  for  1900  to  present,  by 
decade  and  by  season. 

Good  luck  with  this.  And  let's  keep  in  touch  because  input  to  the  USG  review  will 
certainly  include  suggestions  on  this  and  we'll  have  to  discuss  the  issue. 

Mike 

>Dear  Michael  -  I  sat  down  to  e-mail  you  with  information  about  Pat  Michaels' 

>request  for  data  from  the  Hadley  Centre  (HC) ,  but  see  from  your  e-mail  that  PM 

>has  already  contacted  you. 

> 

>So  far  the  correspondence  has  been  between  PM  and  John  Mitchell  (acting  in  his 

>capacity  as  a  Hadley  Centre  modeller,  rather  than  as  an  IPCC  representative) . 

>John  is  reluctant  to  give  out  gridded  data  and  has  offered  PM: 

> 

>1.  A  pre-print  of  a  J  Clim  paper  describing  the  derivation  of  the  aerosol 

>forcing  of  the  HC  model. 

> 

>2.  A  pre-print  of  a  paper  to  appear  in  Nature  (subject  to  PM's  written  guarantee 

>that  he  would  not  use  or  publish  it  in  any  way  except  in  his  confidential  review 

>of  the  IPCC  report) .  This  paper  gives  some  information  on  the  goodness-of-f it  to 

>observations . 

> 

>Reasons  for  John's  reluctance  to  give  gridded  data  are: 

> 

>1.   It  is  common  practice  for  modellers  to  hold  onto  their  raw  data  till  they 

>have  had  sufficient  time  to  analyse  it  themselves  before  releasing  it  to  outside 

>bodies . 

> 

>2.   It's  not  clear  why  PM  needs  the  data  themselves  and  cannot  work  with  the 

>figures  given  in  the  report  and  backup  material  offered. 

> 
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>3.   JM  has  never  in  his  experience  had  a  reviewer  ask  for  grid  data,  and  fails 

>to  see  the  justification  for  it.  The  only  reason  given  in  PM's  e-mail  was  "I  am 

>particularly  interested  in  certain  spatial  characteristics  of  this  model  that  I 

>think  may  be  exceedingly  germane  to  the  1995  assessment". 

> 

>I  am  sympathetic  to  John's  view.   Model  data  need  to  be  handled  with  care  and 

>with  a  degree  of  expertise.   If  we  give  it  to  one  revie»/er  do  we  make  it 

>available  to  all?   And  why  just  the  Hadley  Centre  data,  and  why  just 

> temperature? 

> 

>The  key  question  is:   does  a  reviewer  really  need  the  raw  data  (as  opposed  to 

>the  descriptive  and  diagrammatic  material  already  offered)  in  order  to  carry  out 

>the  review.  So  far  PM  has  not  made  a  real  case  in  support  of  what  is  a  very 

>subst£intial  request,  and  JM  believes  that  the  background  information  he  has 

>offered  is  entirely  adequate  for  review  of  the  draft  report. 

> 

>John  Houghton  will  be  here  on  Monday  and  we  can  discuss  the  matter  then. 

>Certainly  I  recognise  that  this  situation  has  the  capacity  to  stir  up  trouble 

>for  IPCC  so  we  must  hemdle  it  carefully. 

> 

>Regards , 

> 

>Bruce  Callander 


Printed  for  mniaccrac@earth.usgcrp.gov  (Mike  MacCracken) 
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Attachment  to  letter  to  Congressman  George  Brown  from  Dr.  Robert  Corell. 
March  4,  1996 


ATTACHMENT  2 


Letter,  with  United  States'  comments  to  Working  Group  I  attached, 
dated  July  7,  1995,  to  Sir.  John  Houghton  and  Dr.  L.  G.  Meira 
Filho,  n»CC  Working  Group  I,  from  Rafe  Pomerance,  U.S. 
Department  of  State 
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Attachment  2  -  Letter  to  Congressman  Brown  from  Dr.  Robert  Corell,  March  4,  1996 

United  States  Department  of  State 

Bureau  of  Oceans  and  International 
Environmental  and  Scientific  Affairs 

Washington.  D.C.  20520 

July   7,    1995 

Sir  John  Houghton 
Dr.  L.G.  Meira  Filho 
IPCC  Working  Group  I 
c/o  Technical  Support  Unit 
The  Hadley  Centre 
Meteorological  Office 
London  Road 
Bracknell  RG12  2SY 
United  Kingdom 

Dear  Sirs: 

Attached  please  find  the  United  states'  comments  on  the 
text  of  the  individual  chapters  of  the  IPCC  Working  Group  I 
Draft  Second  Assessment  Report.   At  this  time,  we  have  not 
completed  our  internal  review  o£  the  draft  Summary  for 
Policymakers.   We  will  fax  and  e-mail  the  text  of  our  comments 
on  that  section  to  you  early  the  week  of  July  10th. 

While  the  U.S.  comments  are  extensive,  reflecting  the 
importance  we  attach  to  this  assessment,  we  believe  the  present 
report,  although  uneven,  is  a  good  start  on  a  useful  final 
product.   Our  comments  are  reflective  of  the  broad  range  of 
input  we  sought  in  their  development:   we  circulated  the  draft 
text  to  an  extensive  group  of  experts  both  inside  and  outside 
of  the  U.S.  government.   Comments  received  through  this  process 
were,  where  appropriate,  incorporated  into  the  U.S. 
recommendations  included  in  this  package  —  although  we  have 
also  forwarded  a  full  set  of  all  comments  received  as  part  of 
our  review. 

In  addition  to  the  attached  volume  of  material,  we  note  the 
following  general  points  with  respect  to  the  document: 

«   Each  chapter  should  stand  on  its  own.   This  assessment  can 
be  expected  to  serve  as  an  important  reference  for  many 
years  to  come,  and  will  need  to  present  data  in  a  manner 
that  does  not  rely  on  the  reader's  familiarity  with  or 
access  to  additional  literature  to  provide  an  understanding 
of  the  material.   This  is  not  now  the  case  for  Chapter  2  — 
which  will  consequently  require  revision. 

"    The  major  new  result  in  this  assessment  is  the 

incorporation  of  the  effects  of  aerosiols  on  global  climate 
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change  into  analyses  of  greenhouse  gas  forcing.   The 
present  SPM  draft  does  not  present  this  critical  new  work 
in  a  satisfactory  manner.  Currently,  the  presentation  of 
this  issue  is  scattered  through  several  different  chapters, 
and  more  importantly,  is  not  presented  in  a  manner 
consistent  with  the  preliminary  nature  of  these  results. 

•  The  chapters  on  ecosystems  need  to  be. coordinated  with  the 
authors  of  the  relevant  IPCC  WG  II  ecosystem  chapters. 
They  also  need  to  more  fully  represent  the  scientific 
perspectives  on  these  areas,  as  noted  in  our  specific 
comments. 

•  It  is  critical  for  this  assessment  to  base  its  results  on 
published  and  generally  available  information;  the 
conclusions  must  be  supported  by  reviewed  literature  and 
findings. 

•  This  "Second  Assessment  Report"  (with  its  1995  or  1996 
publication  date)  must  emphasize  the  state  of  the  science 
in  the  1990's.   One  case  where  information  is  not  entirely 
updated  is  the  global  carbon  budget  for  the  1990 "s;  there 
are  other  instances  where  the  Assessment  could  be 
substantially  more  up-to-date  as  well. 

The  United  States  appreciates  the  enormous  time  and  effort 
that  has  gone  into  the  preparation  of  this  Report.   Through 
these  comments  we  hope  to  assure  that  the  final  product  is  not 
only  accurate,  but  of  value  to  the  policy  community.   We  look 
forward  to  receipt  of  the  revised  draft  text  prior  to  the  WG  I 
Plenary  session,  and  wish  the  IPCC  Bureau  and  the  lead  authors 
every  success  in  their  continued  efforts  to  prepare  this 
important  document  for  publication. 

Sincerely, 


Rafe  Pomerance 

Deputy  Assistant  Secretary 

Environment  and  Development 


Attachments: 

1.  U.S.  comments  on  draft  chapters 

2.  Computer  disk  containing  all  U.S.  comments  (in  MSWord  5.1 
Format) 

3.  Compiled  comments  from  all  reviewer.? 


cc:  Dr.  Bruce  Callander 
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U.  S.  COMMENTS:  CHAPTER  6:  CLIMATE  MODELS  -  PROJECTIONS  OF  FUTURE 

CUMATC 
IPCC  Working  Group  I  Second  Draft  Assessment 

UNITED  STATES 

Daniel  Reifsnyder 

Department  of  State 

2201  C  Street.  NW  -- — 

Washington  DC  20520  USA 

202-647-4069 

202-647-0191 

office@usgcrp.gov 

Technical  Contact:  Michael  MacCracken 

Office  of  the  USGCRP 

300  D  St.  SW,  Suite  840 

Washington  DC  20024  USA 

202-651-8250 

202-554-6715 

office@usgcrp.gov 

GENERAL  C0MN1ENTS  ON  CHAPTER 

1 .  The  writing  of  the  first  part  of  this  chapter  (the  Summary  and  Section  6.2)  needs  to  be 
improved  for  clarity,  accuracy,  and  completeness  of  references.  In  Section  6.2  especially,  the 
discussion  is  often  in  the  form  of  a  series  of  disconnected  sentences,  each  of  which  may  state  some 
fact  or  thought,  but  which  are  not  always  logically  related  to  one  another.  Thus  the  section  appears 
to  be  a  collection  of  miscellaneous  information  on  model  predictions  rather  than  a  well-focused 
discussion  of  model  results  and  what  they  mean.  Some  of  the  information  given  is  inconsistent 
with  other  information.  References  are  not  given  for  some  of  the  factual  statements.  See  also  the 
Specific  Comments  below.  In  contrast,  Sections  6.4  through  6.6  are  well  written  and  well 
referenced.  UNITED  STATES 

2.  In  several  places,  the  chapter  cites  results  which  are  unpublished.  We  take  the  position  that 
unpublished  results  should  not  be  used  in  this  report  unless  the  actual  publication  is  pending  (i.e., 
accepted  for  publication  in  an  appropriate  journal,  with  an  announced  date)  or  unless  there  is 
absolutely  no  alternative  published  information  available.  In  the  latter  case,  wording  should  clearlv 
indicate  that  such  results  are  preliminary,  have  not  been  reviewed,  and  are  subject  to  change.  A 
related  issue  concerns  the  availability  of  the  details  of  m.odel  simulations/predictions  to  scientists 
who  ask  to  see  them.  We  believe  that  detailed  information  should  be  generally  available  for  all 
model  results  that  are  cited  in  the  report.  UNITED  STATES 

3.  There  is  inadequate  referencing  of  material  in  other  chapters,  especially  Chapter  5.  Some 
examples  are  contained  in  the  Specific  Comments  below.  UNITED  STATES 

4.  Section  6,7  seems  inappropriate  for  tliis  chapter  and  should  be  placed  elsewhere,  probably  in 
Chapter  5.  It  is  concerned  with  making  improvements  to  models,  not  with  projections  of  future 
climate.  UNITED  STATES 

5.  Section  6.A.2  of  the  "Annex"  (or  its  revised  version)  should  be  moved  to  Chapter  2,  as 
suggested  in  the  note  at  the  beginning  of  the  section.  There  is  a  difference  of  opinion  about  Section 
6.A.3.  Since  this  section  is  concerned  with  projections  made  with  energy-balance  models, 
whereas  the  rest  of  Chapter  6  uses  GCM  projections  or  regional  model  projections  keyed  to 
GCMs,  and  since  the  discussions  in  6.A.2  and  6. A.3  are  intimately  related,  one  line  of  thought  is 
to  move  the  entire  Annex  m.aterial  to  Chapter  2.  The  other  line  of  thought  is  to  keep  the  material  of 
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6.A.3  in  Chapter  6  because  it  does  consist  of  climate  projections.  If  6.  A.3  or  its  revision  is 
retained  in  Chapter  6,  detailed  reference  to  the  materia  moved  to  Chapter  2  will  be  necessary. 
UNITED  STATES 

SPECMC  COMMENTS  ON  CHAPTCR 

Page  6.1:  The  Summary  contains  no  references.  Therefore,  the  statements  it  contains  should  be 
cross-referenced  to  the  appropriate  sections  where  the  references  are  (or  should  be)  given  (cf.  the 
Executive  Summary  of  the  Summary  for  Policymakers).  UNITED  STATES 

Page  6.1,  line  5  (and  several  other  places  in  the  chapter):  "a  rate  of  about  0.1  to  0.2  C  per  decade" 
should  either  be  "an  average  rate  of  0.1  to  0.2  C  per  decade,  sustained  over  several  decades"  or  "an 
average  rate  of  1  to  2  C  per  century."  The  latter  wording  is  preferred.  The  present  wording  is 
misleading  to  some  readers  in  that  they  interpret  it  to  mean,  e.g.,  0.1  to  0.2  C  each  decade,  thereby 
neglecting  the  role  of  natural  climate  variability  on  these  time  scales.  UNITED  STATES 

Page  6.1,  hnes  1 1-13:  The  numbers  given  are  inconsistent  here.  A  warming  rate  of  between  0.2 
and  0.35  C  per  decade,  sustained  for  approximately  50  years  (to  the  middle  of  the  next  century) 
would  produce  a  total  warming  of  between  1.0  and  1.8  C,  not  between  2  and  4  C  as  stated. 
UNITED  STATES 

Page  6.1,  lines  37-38:  An  inconsistency  similar  to  the  preceding  appears  here.  UNITED  STATES 

Page  6.5,  lines  2  and  3:  This  sulphate  aerosol  forcing  change  imphes  that  annual  unscrubbed  coal 
combustion  will  double  by  2050.  The  realism  of  such  a  scenario  is  doubtful.  UNITED  STATES 

Page  6.5,  Section  6.2.3:  The  discussions  of  climate  changes  due  to  greenhouse  and/or  aerosol 
forcing  are  mostly  qualitative  here.  Inclusion  of  quantiative  estimates  of  these  changes,  with  some 
indication  of  their  uncertainty  or  "range",  should  be  included  in  this  section.  One  way  to  do  this  is 
to  include  a  sidebar  ("box"),  such  as  the  one  on  page  35  of  the  Summary  for  Policymakers,  that 
summarizes  the  quantitative  information.  UNITED  STATES 

Page  6.6,  line  5:  The  discussion  here  is  a  bit  confused.  A  precipitation  increase  in  the  equatorial 
Pacific  and  a  decrease  in  the  ITCZ  are  contradictory  statements.  UNITED  STATES 

Page  6.6,  line  25ff:  There  is  insufficient  infonnation  on  the  source  function  assumed  for  aerosol 
forcing.  A  more  detailed  explanation  is  needed  on  how  the  forcing  was  prescribed  in  the  model 
simulations.  Was  it  kept  constant  in  time?  If  not,  what  was  the  temporal  change  of  the  forcing? 
UNITED  STATES 

Page  6.6,  line  30:  At  this  point,  mention  at  least  should  be  made  of  the  other  known  aerosol 
forcings  (biomass  burning,  Saharan  dust,  and  indirect  forcing  due  to  cloud  enhancement)  and 
ranges  of  estimates  of  these  forcings,  even  though  they  may  not  be  included  in  the  following  model 
simulations  (which  should  also  be  clearly  mentioned  here,  if  that  is  the  case).  UNITED  STATES 

Page  6.6,  line  32:  The  Chapter  2  figure  for  sulphate  aerosol  forcing  is  0.5  W/m2.  The  expression 
"with  a  factor  of  two  uncertainty"  is  ambiguous  (does  it  mean  uncertainty  ranging  from  0.2  to  0.8, 
or  0.2  to  0.6,  or  something  else?)  and  should  not  be  used.  Instead,  a  definite  range  of  uncertainty 
should  be  given,  e.g.  "0.4+/-0.2",  or  "0.4  with  uncertainty  ranging  firom  0.2  to  0.8."  UNITED 
STATES 

Page  6.7,  line  1:  A  reference  should  be  given  for  the  infonnation  stated  in  this  paragraph. 
UNITED  STATES 
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Page  6.7,  line  10:  The  two  references  given  here  are  unpublished  manuscripts  and  should  not  be 
included  (See  General  Comments).  This  paragraph  is  poorly  written  and  contains  very  tentative 
results.  It  would  be  best  to  delete  it  from  the  report.  UNITED  STATES 

Page  6.8,  line  5:  "1950-1980  to  1980-1990",  what  does  this  mean?  Shouldn't  it  be  just  "1950  to 
1990"?  UNITED  STATES 

Page  6.8  lines  7-8:  "The  direct  effect  of  sulphate  aerosols  is  to  cool  cUmate.  This  leads  to  a 
reduction  in  evaporative  cooling  of  the  eardi's  surface,  and  an  increase  in  global  mean  diurnal 
range.."  This  seems  to  misrepresent,  or  at  least  distort,  the  underlying  science.  It  is  true  that  a 
cooling  climate  gives  larger  diumal  range.  However,  this  has  less  to  do  with  evaporative  cooling 
than  with  the  longwave  radiative  effect  of  the  lower  concentrations  of  water  vapor  that  result  The 
text  leaves  out  the  point  that  the  direct  radiative  effect  of  the  sulfate  aerosol  is  to  reduce  the  diumal 
range  by  its  reduction  of  daytime  solar  heating;  indeed,  Hansen's  paper  emphasizes  the  latter. 
Presumably  the  relative  importance  of  the  increase  versus  decrease  of  diumal  range  depends  on 
how  much  the  temperature  has  changed,  which  in  turn  depends  on  climate  sensitivity,  transient 
effects.,  etc.  UNITED  STATES 

Page  6.8,  Section  6.2.5:  This  section  continues  the  pattern  of  rambling  qualitative  discussion  that 
is  characteristic  of  Section  6.2.  Quantitative  values  should  be  part  of  the  discussion  where 
appropriate.  Some  of  the  results  are  apparently  from  Tables  6.2.3  and  6.2.4,  but  they  are  not 
referenced.  There  is  better,  but  incomplete,  referencing  of  the  relevant  Figures.  This  section 
confuses  continental  and  regional  scale  results  by  using  the  tenn"regionar'  in  both  cases.  UNITED 
STATES 

Page  6.9  line  34ff:  A  general  conclusion  that  warmer  climates  give  more  soil  moisture  in  high 
latitudes  is  suspect,  based  on  the  fact  that  the  GCMs  have  made  little  or  no  effort  to  include 
anything  reasonable  for  soil  hydrology  in  high  latitudes.  None  of  the  models  appear  to  have  any 
treatment  of  soil  freezing,  which  is  a  dominant  control  on  winter  soil  moisture  dynamics. 
Furthermore,  in  many  if  not  most  high  latitude  regions,  during  the  winter  the  soil  water  storage  is 
akeady  near  maximum,  so  it  would  be  difficult  for  it  to  increase.  Thus,  without  much  more 
attention  given  to  development  and  validation  of  the  GCM  treatments  of  high  latitude  soil 
moisture,  the  general  conclusion  stated  should  be  viewed  with  suspicion.  UNITED  STATES 

Page  6.9,  line  34:  This  sentence  contains  an  apparent  contradiction:  "...all  models". .."though  in 
some"...  UNITED  STATES 

Page  6.10,  line  18ff:  The  "surprising"  result  noted  here  is  probably  related  to  the  sunmier-dry 
character  of  the  climate  in  this  region  and  to  the  likeUhood  that  soil  moisture  is  strongly  depleted 
even  in  the  control  runs,  thereby  minimizing  its  further  impact  on  climate  change  simulations.  The 
relevant  control  runs  should  be  examined,  and  a  statement  such  as  that  above  added  to  the  text  if 
warranted.  UNITED  STATES 

Page  6.10,  Section  6.26:  The  authors  make  a  bold  claim  that  "there  is  no  evidence  from  these 
simulations  that  the  use  of  flux  adjustments  are  substantially  distorting  the  model's  response  to 
increases  in  greenhouse  gases.".  This  is  a  highly  relevant  conclusion  for  policy  purposes.  As  it 
currently  reads,  however,  this  statement  appears  simply  to  be  an  opinion  being  expressed  by  the 
authors.  Others  may  disagree  with  this  statement.  It  should  be  remembered  that  the  purpose  of  an 
IPCC  report  is  to  assess  the  literature,  not  to  create  it.  For  this  reason,  the  conclusions  expressed 
in  this  report  should  be  fully  documented  by  reference  to  the  literature.  For  example,  the 
magnitude  of  flux  adjustments,  as  noted  by  Murphy  and  Mitchell  (1995)  for  the  western  oceanic 
gyres,  should  be  explicitly  stated  here. 

Chapter  5  contains  some  very  useful  information  regarding  this  subject.  For  example,  on 
page  5.5,  lines  3-4,  it  states  "Flux  correction  is  strictly  justified  only  when  the  corrections  are 
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relatively  small,  while  in  fact  the  flux  corrections  in  some  coupled  models  are  comparatively  large." 
Surely  this  implies  that  there  may  be  some  distortion  of  a  model's  greenhouse  gas  response.  The 
fundamental  question  is:  is  the  distortion  sufficiently  great  to  negate  the  value  of  the  GCM 
projection?  Clearly,  many  modelers  believe  that  the  GCMs  are  still  useful  despite  the  presence  of 
some  distortion  due  to  the  flux  corrections.  This  position  is  much  more  credible  than  the  current 
statement  which  seems  to  imply  that  there  is  virtually  no  distortion  created  by  the  flux  corrections. 
UNITED  STATCS 

Page  6.11,  lines  30  and  38:  The  tenns  "internal  variability"  and  "internal  fluctuations"  should  be 
defined  for  non-specialist  readers.  UNITED  STATES 

Page  6.12,  line  14:  How  "small"  must  initial  state  differences  be  to  prevent  divergence  of  cUmate 
state  simulations?  A  quantitative  indication  is  needed  here.  UNITED  STATES 

Page  6.12,  line  18ff:  These  two  paragraphs  are  unclear  and  should  be  re-written.  What  does  "The 
warming  at  the  time  of  doubling  ranges  from  2.6  to  1.5K  respectively"  mean?  With  respect  to 
what?  This  result  is  based  on  an  unpublished  personal  communication.  The  sentence  that  begins 
on  line  27  is  confusing  as  written.  UNITED  STATES 

Page  6. 13,  line  38:  "...directly  related  to  the  net  heating  at  the  surface  and  the  ability  of  the  ocean 
to  absorb  this  heat."  This  should  be  more  clearly  stated  as  proportional  to  the  time  integral  of  the 
net  heating  at  the  surface.  UNITED  STATES 

Page  6.14,  line  6ff:  The  results  described  here  are  again  based  on  preliminary,  unpublished 
results.  They  should  either  be  deleted  or  clearly  labeled  as  being  preliminary  ?nd  subject  to 
change.  UNITED  STATES 

Page  6. 15,  hne  15:  Change  this  to  "reminiscent  of  the  temperature  pattern  associated  with  El  Nino 
events."  UNITED  STATES 

Page  6.15,  line  25:  The  labeling  of  results  as  "preliminary"  and  "use  with  caution"  should  appear  at 
several  other  points  in  section  6.2  (some  of  which  are  noted  above)  as  well  as  here.  UNITED 
STATES 

Page  6.21,  Section  6.4.1,  and  page  6.22,  Section  6.4.2:  Chapter  5  and  references  therein  indicate 
that  the  simulation  of  ENSO  variability  requires  high  resolution  in  the  tropical  region  of  the  ocean 
model.  Without  that  the  variation  in  thermocline  depth  and  upwelhng  patterns  cannot  be  faithfully 
simulated.  The  ENSO-like  variabihty  displayed  by  the  coarse  resolution  coupled  GCMs  surveyed 
in  the  present  chapter  may  not  behave  like  the  true  ENSO  phenomenon.  These  model  GHG 
simulations  should  therefore  be  interpreted  with  caution  (See  references  in  5.2.4.2).  Cross 
reference  to  Chapter  5  is  also  necessary  when  discussing  inter-monthly  variability  (e.g.  blocking  in 
5.4.1).  UNITED  STATES 

Page  6.23,  line  16:  The  term  "precipitation  variability...is  enhanced"  is  ambiguous  here.  Does  it 
mean  that  +/-  the  absolute  value  of  precipitation  variability  increases,  or  that  the  percent  variability 
of  precipitation  increases?  In  most  cases,  changes  in  percent  variability  are  probably  of  more 
interest  and  relevance.  UNITED  STATES 

Page  6.24,  line  37ff:  This  sentence  is  rather  confusingly  worded.  What  it  seems  to  say  is  that  the 
sea  ice  cannot  melt  significantly  until  it  has  started  melting  significantly!  UNITED  STATES 

Page  6.26,  Section  6.5:  A  much  more  careful  definition  of  what  is  meant  by  "extreme  event"  is 
needed  at  the  beginning  of  this  section.  Strictly  speaking,  the  expected  frequency  of  an  extreme 
event,  as  usually  defined  (e.g.,  the  most  improbable  one  percent  of  occurrences,  events  with  an 
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average  recursion  time  of  greater  than  100  years,  etc.),  cannot  increase.  The  section  is  really 
concerned  with  how  the  frequency  of  certain  threshold  events,  which  are  currently  quite 
infrequent,  will  change  in  a  global  wanning  scenario.  This  distinction  should  be  clearly  stated. 
UNITED  STATES 

Page  6.26,  lines  35  and  36:  It  is  not  clear  what  the  difference  is  between  "the  appearance  of  large- 
scale  meteorological  phenomena  (e.g..  El  Nino)"  and  "an  intensifying  or  weakening  of...large 
scale  systems...".  Please  clarify.  UNITED  STATES 

Page  6.29,  Section  6.5.4:  Simulation  of  mid-latitude  storms  depends  on  horizontal  resolution. 
Therefore,  the  reader  should  be  alerted  to  differences  in  resolution  of  the  various  simulations  that 
are  compared  in  this  section.  UNITED  STATES 

Page  6.30,  line  32:  Should  "46  degrees  C"  be  4-6  degrees  C?  UNITED  STATES 

Page  6.31,  line  5:  "Small  changes  in  the  mean  climate  can  produce  relatively  large  changes  in  the 
frequency  of  extreme  events."  See  comment  above.  UNITED  STATES 

Page  6.3 1,  line  8:  "It  was  assumed  that  temperature  variability  remained  constant."  Absolute 
variabiUty  or  percent  variability?  See  discussion  above.  UNITED  STATES 

Page  6.32,  line  28ff:  UnpubHshed  sources  arc  given  for  the  information  in  this  and  the  next  two 
paragraphs.  UNITED  STATES 

Page  6.32,  line  31:  "...longer  waiting  time  for  rain..."  is  awkward;  use  "reduced  rainfall 
frequency"  instead.  UNITED  STATES 

Page  6.33,  line  2:  "...lxC02  but  twice  that  in  the  3xC02  run."  The  omitted  "but"  changes  the 
meaning  of  the  sentence  completely.  UNITED  STATES 

Page  6.33,  Section  6.5.7:  The  preceding  section  on  extreme  events  contains  some  excellent 
material  and  is  well  documenteid.  However,  it  is  lacking  a  cohesive  statement  which  would  bring 
this  issue  into  focus  for  policymakers.  Such  a  statement  was  made  available  to  the  Synthesis 
Report  Drafting  Team  by  Dr.  John  Houghton : 

"References  have  also  been  made  to  the  possible  increase  of  the  frequency  of  extreme  events 
that  some  maintain  have  occurred  during  the  last  few  decades.  Convincing  evidence  is  still  lacking 
and  it  is  statistically  difficult  to  prove  that  an  increase  has  taken  place. 

There  may,  however,  be  several  reasons  for  the  escalation  of  the  costs  for  severe  weather 
events:  Developed  countries  have  become  wealthier,  more  people  live  in  coastal  areas  with  costly 
infrastructure,  personal  goods  and  business  process  have  generally  become  more  vulnerable  to 
water  damage.  Even  if  die  frequency  of  severe  weather  events  has  increased  in  some  parts  of  the 
world,  this  might  be  due  to  natural  variations  of  the  weather." 

Some  form  of  the  above  statement  should  be  included  in  section  6.5.7  (Summary  and 
Conclusions).  UNITED  STATES 

Page  6.33,  Section  6.6:  The  sidebar  "Box  3"  of  the  Summary  for  Policymakers  should  be 
repeated  here  to  provide  a  concise  summary  of  the  regional  results.  UNTTED  STATES 

Page  6.34,  Section  6.6.1:  The  regional  temperature  and  precipitation  biases  of  the  models  cited  are 
large  enough  to  make  the  projections  of  future  regional  climate  scenarios  of  doubtful  value.  This 
weakness  should  be  strongly  emphasized  in  this  section.  UNITED  STATES 
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Page  6.36,  line  1:  The  Pleym  et  al  reference  is  given  as  1994,  not  1995,  in  the  references.  Why  is 
this  the  only  result  discussed  when  several  others  are  referenced  in  passing  on  the  preceding  page? 
UNITED  STATES 

Page  6.37,  line  7:  "...10%-40%  of  observations..."  What  does  this  mean,  that  only  10-40  percent 
of  observations  have  biases,  or  something  else?  The  present  wording  is  not  clear.  UNITED 
STATES 

Page  6.37,  Table  6.6. 1 :  Tasmania  is  omitted  from  the  temperature  part  of  the  table.  Was  this 
intentional  or  an  oversight?  UNITED  STATES 

Page  6.39,  line  26:  Change  this  to  "...precipitation  biases  in  the  range  of  approximately  -45%  to 
+20%  of  observed  values..."  UNITED  STATES 

Page  6.42,  Section  6.7.1.3:  It  should  be  noted  here  that  not  all  coupled  ocean-atmosphere  models 
require  the  use  of  flux  adjustments  in  order  to  simulate  realistic  climate  scenarios  (e.g.,  Schopf  et 
al).  UNITED  STATES 

Fig.  6.2.2:  The  text  should  note  that  the  Cubash  et  al  (MPI)  transient  model  (identified  as  MPI 
C02  anom  in  the  figure)  is  suspected  of  simulating  temperatures  of  the  high  latitudes  of  the 
Northern  Hemisphere  as  too  cold  (by  as  much  as  6C?)  for  roughly  the  fu-st  65  years.  If  this  error 
were  eliminated,  the  warming  it  predicts  would  likely  have  begun  well  before  now,  leading  to  a 
disparity  between  this  model  and  reality.  UNITED  STATES 

Page  6.68,  Section  6.A.2:  The  text  should  indicate  the  best  estimate  and  the  uncertainty  range 
regarding  the  forcing  from  each  gas  listed.  (This  comment  applies  to  Chapter  2  if  the  section  is 
moved  to  Chapter  2.)  UNITED  STATES 

Page  6.68,  line  35:  The  sentence  implies  that  Legett  et  al.  did  not  project  their  results  based  on 
regional  data.  The  text  should  clarify  whether  this  is  true.  Given  that  the  Legett  et  al.  paper  was 
prepared  as  an  IPCC  document,  it  would  seem  that  the  authors  could  have  obtained  unpublished 
regional  results.  UNITED  STATES 

Page  6.73,  line  8:  Change  the  post-2100  assumption  to  an  assumption  based  on  constant 
emissions  or  constant  concentrations,  at  least  through  the  22nd  century— or  make  an  assumption 
based  on  the  published  literature  (e.g.  Nordhaus  or  CUne). 

Justification:  The  basis  for  assuming  that  emissions  decline  linearly  rom  the  year  2100  to 
the  year  2200  seems  extremely  optimistic  and  is  not  supported  by  the  economic  analyses  in 
Working  group  HI.  There  is  sufficient  carbon  in  the  ground  to  sustain  year-2100  emissions  for 
more  than  a  century.  In  the  absence  of  detailed  modeling,  a  simple  assumption  is  necessary-but  a 
better  assumption  would  be  constant  emissions,  since  the  stated  premise  of  the  analysis  is  no 
policy.  A  linear  decline  in  emissions  would  a  technical  or  policy  change.  UNITED  STATES 

Page  6.73:  Somewhere  on  this  page,  a  discussion  on  the  possibility  of  an  abrupt  climate  change, 
and  the  reasons  for  omitting  it  from  the  model,  should  be  included.  UNITED  STATES 

Page  6.73,  line  28ff:  The  discussion  of  long-term  changes  in  sea  level  should  be  moved  to 
Chapter  7,  and  compared  to  other  analyses  of  long-term  simulations  of  sea  level  rise,  such  as  those 
by  Thomas  (1985),  Lingle  (1985)  (both  in  Polar  Research  Board  1985),  Wigley  and  Raper,  Titus 
and  Narayanan  (1995).  The  text  should  note  that  the  1-D  model  ignores  ice  sheet  dynamics,  which 
may  be  a  particularly  important  oversight  for  very  long-term  simulations.  UNITED  STATES 
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Attachment  3  -  Letter  to  Congressman  Broen  from  Dr.  Robert  Corell,  March  4,  1996 
I   J  Mitchell  (by  way  of  shenson@usgcr,7/12/95  7;59  AM,IPCCchpt6 

Date:  Wed,  12  Jul  95  08:59:44  EDT 

X-Sender :  shenson@ear th . usgcrp . gov 

Mime-Version:  1.0 

To :  mmaccracken 

From:  J  Mitchell  <j£bmitchell@meto.govt .uk>  (by  way  of  shenson@usgcrp.gov  (Susan 

Henson) ) 
Subject:  IPCCchptS 

>From  jfbmi tchell@meto.govt.uk 

12  July  1995 

Dear  Mike, 

it  was  good  to  see  you  in  Boulder.  I  think  you  organized  an  excellent  session. 

I  have  just  received  and  glanced  through  the  US  comments  on  IPCC95  chapter  6, 

section  2.  For  the  most  part,  they  are  very  helpful  and  will,  I  beleive, 

help  me  improve  the  text.  Please  thank  those  who  obviously  took  some  time 

and  care  in  reviewing  the  text.  I  think  we  can  accomodate  most  of  the  specific 

comments . 

I  did  have  some  difficulty  with  the  general  comments.  It  was  not 

clear  from  the  specific  comments  what  instances  there  were  of  "disconnected 

sentences....  not  always  logically  related  to  one  another".  Nor  am  I  cfuite 

clear  to  what  extent  we  can  provide  a  discussion  of  model  results  "and  what 

they  meeui'  -  where  we  have  done  so  we  seem  to  have  got  our  wrists  slapped  eg 

interpreting  the  degree  to  which  flux  correction  per  se  distorts  the 

response  of 

models.  I  would  be  grateful  for  guidance  on  this  before  next  week  when  I  will 

go  over  the  section  in  detail  before  the  Ashville  meeting. 

As  regards  unpublished  results,  we  have  included  references  to  results 

which  should  be  submitted  for  publication  well  before  the  publication  date  of 
the  report.  Given  the  slow  rate  of  turnround  of  referees  at  present  (perhaps 
exacerbated  by  their  involvement  in  IPCC)  some  will  inevitably  not  be  accepted 

by  next  January. 

I  should  also  like  to  rebutt  the  innuendo  about  release  of  results. 

The  only  request  for  information  that  I  am  aware  of  being  refused  is  Pat 
Michaels  request  to  me  for  grid  point  data  from  the  model.  I  supplied  him 
with  copies  of  the  relevant  manuscript  which  I  believe  fulfills  the  US 

wish  "that  detailed  information  should  be  generally  available  for  all  model 
results  cited  in  the  report" .  This  view  is  supported  by  the  fact 

that  none  of  the  700  or  so  other  reviewers  have  requested  gridpoint  data. 

Thank  you  again  for  the  care  you  have  taken  in  assessing  the  chapter. 

With  Best  wishes 

John 


J  F  B  Mitchell 

Hadley  Centre  for  Prediction  and  Research 
Meteorological  Office 
Bracknell  RG12  2SZ,UK. 

NOTE  CHANGE  OF  AREA  CODE 
Tel  +44  1344  856613 
Fax  +44  1344  856912 


Printed  for  minaccracCg'earth.usgcrp.gov  (Mike  MacCracken) 
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Attachment  3  -  Letter  to  Congressman  Brown  from  Dr.   Robert  Corell,  Harck  4,    1996 


kberginan,7/17/95  2:27  PM,IPCCchpt6 


To :    kbergman 

From:    J  Mitchell   <jfbmitchell@meto.govt .uk>    {by  way  of   shenson@usgcrp.gov    (Susan 

Benson))     (by  way  of  iranaccraceusgcrp . gov    (Mi)ce  MacCrac>:en)  ) 

Subject:  IPCCchpt6 

Cc: 

Bcc: 

X-Attachments : 

Ken--Here  is  a  comment  back  from  John  Mitchell  on  the  US  review  of  Ch  6.  Guess  it  was 
my  comment  that  got  him  most  stirred  about  data  release.  I  will  reply  emd  try  to  ease 
off  a  bit--and  will  see  him  in  Asheville  next  week.  You  might  otherwise  want  to  reply. 

Mike 

>From  jfbmitchell@meto.govt.uk 

12  July  1995 

Dear  Mike, 

it  was  good  to  see  you  in  Boulder.  I  think  you  organized  an  excellent  session. 

I  have  just  received  and  glanced  through  the  US  comments  on  IPCC95  chapter  6, 

section  2.  For  the  most  part,  they  are  very  helpful  emd  will,  I  beleive, 

help  me  improve  the  text.  Please  thank  those  who  obviously  took  some  time 

and  care  in  reviewing  the  text.  I  think  we  can  accomodate  most  of  the  specific 

comments . 

I  did  have  some  difficulty  with  the  general  comments.  It  was  not 

clear  from  the  specific  comments  what  instances  there  were  of  "disconnected 

sentences....  not  always  logically  related  to  one  another".  Nor  eun  I  quite 

clear  to  what  extent  we  can  provide  a  discussion  of  model  results  "and  v.'hat 

they  mean"  -  where  we  have  done  so  we  seem  to  have  got  our  wrists  slapped  eg 

interpreting  the  degree  to  which  flux  correction  per  se  distorts  the 

response  of 

models.  I  would  be  grateful  for  guidance  on  this  before  next  week  when  I  will 

go  over  the  section  in  detail  before  the  Ashville  meeting. 

As  regards  unpublished  results,  we  have  included  references  to  results 

which  should  be  submitted  for  publication  well  before  the  publication  date  of 
the  report.  Given  the  slow  rate  of  turnround  of  referees  at  present  (perhaps 
exacerbated  by  their  involvement  in  IPCC)  some  will  inevitably  not  be  accepted 

by  next  January. 

I  should  also  like  to  rebutt  the  innuendo  about  release  of  results. 

The  only  request  for  information  that  I  am  aware  of  being  refused  is  Pat 
Michaels  request  to  me  for  grid  point  data  from  the  model.  I  supplied  him 
with  copies  of  the  relevant  manuscript  which  I  believe  fulfills  the  US 

wish  "that  detailed  information  should  be  generally  available  for  all  model 
results  cited  in  the  report".  This  view  is  supported  by  the  fact 

that  none  of  the  700  or  so  other  reviewers  have  requested  gridpoint  data. 

Thank  you  again  for  the  care  you  have  taken  in  assessing  the  chapter. 

With  Best  wishes 

John 


J  F  B  Mitchell 

Hadley  Centre  for  Prediction  and  Research 
Meteorological  Office 
Bracknell  RG12  2SZ,UK. 

NOTE  CHANGE  OF  AREA  CODE 

Tel  ■t-44  1344  856613  

I      Printed  for  mmaccrac@earth.usgcrp.gov  (Mike  MacCracken) 
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Attachment  3  -  letter  to  Congressman  Brown  from  Dr.   Robert  Corell,  March  4,    1996 


I      J  Mitchell,!  1/17/95   10:22  AM,modeldata 


Date:  Fri,  17  Nov  1995  15:22:29  +0000  (GMT) 

From:  J  Mitchell  <jfbmitchell@meto. govt .uk> 

Subject:  modeldata 

To :  MMacCrackenSusgcrp . gov 

Posted-Date:  Fri,  17  Nov  1995  15:22:29  GMT 


>From  jfbmitchell@ineto.govt.uk 
17  Nov  1995 

Dear  Mike, 

I  hear  through  Richard  Moss  that  my  refusal  to  give  Pat  Michaels 

grid  point  data  will  be  considered  by  a  congressional  Inquiry. 

This  seems  rather  odd,  as  Pat  has  written  "  I  respect  your  decision,  although 

I  do  not  agree  with  it".  Perhaps  you  can  let  me  know  what  the  situation  is. 

Note  that  the  data  does  not  belong  to  IPCC,  it  belongs  to  Her  Majesty's 

Government.  Will  you  be  at  the  IPCC  meeting  in  Madrid? 


With  best  wishes 
John 

J  F  B  Mitchell 

Hadley  Centre  for  Prediction  and  Research 
Meteorological  Office 
Bracknell  RG12  2SZ,UK. 

NOTE  CHANGE  OF  AREA  CODE 
Tel  +44  1344  856613 
Fa.x  +44  1344  856912 


Printed  for  mmaccrac@usgcrp.gov  (Mike  MacCracken) 
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